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SUMMARY 



^ Module Title 



Intermediate Trickling Filters 



Submodule Titles: 

1- Types of 'Tricklifug Filters and Their 
Application. . , . 

2. vKydraulic Loadings for Filters. 

3. .0:rganic Loadings for Filters. 

4. Recirculation Ratios - Calculation, 

5. Measuring Trickling Filter Performance 
Including Records & Sludge Volumes: ' 

6. Materials, and Design- of Filters*- 

7* Abnormal Trickling 'Filter Performance. 
8. Field Work and Visit to* Two Trickling 
Filter systems.. 

' ^ ^ 



OveraM Objectives: The trainee will be able to calculate organic 
loadings, r.ecirculation ratios and .% removal for tricklina filter 
operations. The trainee will also identify £ypes of, filters, normal 
and Abnormal performance by correctly completing 70%' or .more of the 
corresponding examination -section.' 



Instructional^ Aids ; 



Overhead Transparencies 

Handouts and Workbooks 

Diagram^ 

Chqck Lists' ' ^ 

Instructor Key Points 



instructor* Approach: Submodules 1-7 K ' 

' Lectu.re and Discussion 
- ' Submodule 8 , ' ' , * 

Demonstration, Discussion and Short Lecture 



References: ^ ' 

1) WPCF - MOP^, 1977. "Operation of Wastewater Treatment Plants", 

2) Fair, Geyer,' and Oitun. "W«te*r and Wastewater Engineerina" 

3) ^EPA-Techiiology Transfer Series' - "Land Disppsal of Sludge, ' 

Esl^ating Laboratory Needs fof Wastewater Treatment Plants"' 
c! ^^Jsytori.- Pers6nal Notes and {Teaching Outlines, 1§70-1977 

■ ^"/^}''L ^' OJ^^.' 1971. "telement^ of Water Supply 

.and Wastewater Disposal*"'. * - ■ ouppxy 

6) .Public Works Journal >'.1970 . 
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"Handbook of Trickling Filter Design". 



^) R.. Antonie, 1976. "Fixe5 Biological* Surfaces-Wastewater Treafement", 

8) Metcalf & Eddy, 1972. "Wastewater ^Engineering, Collection 

• Treatment Disposal" . ^ ' " ^ ' 

9) ' EPA-i 9 7jrts. Environmental Frotection'^echnblogy Series. "Application 

of Plastia >5edia 'Tric}^ling Filters for^ Biol6gical- Nitrification 
■Systems".^! _ . . " . ^ . . 

10) EPA-1971. ^Trickling Filter Treatment of Fr,uit Processing Waste 
Waters". Water' PollutiopI Control Research Series.. ^ ■ 

11) NAVFAC-19'69. /'NTTC Course 216, Intermediate Sewage".*^ * ^ 



ADDITIONAL* COMMENT 



1) Instructor will follow detailed^ au^dio visual presentations and 
checklists^- distributing material^, to trainee as 'indicated. 

2) ^ Instructor will evaluate trainee objectives accomplishment by 
(a) field trip assignment, and (b) 50 question examination (written) 
at end of the basic trickling filter module^* All six of the sub- 
modules use the same type of instructional aids and instructional 
approach and references. ^ ... ^ 



Module No. 
113H22 



Module Title • 
^Intermediate' Trickling Filters 



2 Hours 
(l&;-2.o£ 2d) 



Sublnodule ' Title : , . * * 

# 

Types of Trickling Filters and 'Their 
Applicatic^. 



Objec^tives: 



r ' 



The trainee will: 



1 



2) 
3) 
4) 



5) 
6) 
7) 



'Describe the four types of trickling filters. 
, Identify normal characteristics of each of 
the four t^pes of* trickling filters. 
List examples^ of uses of the four types of 
trickling filters in wastewater treatment. 
£i*st expected performance levels for the 
four types of trickling filters 'and diff- 
erences expected among the* four. 
List area communities or indust^ries using 
each of the four type-is of trickling filters. 
Describe the terms;' hydraulic loading, 
organic loading'/ and Vetting rate.. 
Describe energy ases for support systems 
used fot the -four trickling filter types. . ' 



V 



Overhead - ^ 
Slide # 



pASIC TRICKL?NG^ FILTER. - 113H22 
Instructor Lessi'on' Guide 
• - • Hours 1 & 2 of 20 



Slide Description 



7^- " 

i^odule' 



InstruQtot 
Key JPoints 
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Roughing Filter: 
. Rock or Plastic >Media 
Up. to 20 Ftl Deep 
' Used to Prfetreat^High BOD 
, Wastes , . 
\Hydrauiic Leaching 

60-180 mgd/acre OR 
. •1400 to 4200 gpd/ft.2 
Orcfanic Loading-' 
• >100flb;^BOD/day/1000 cu.ft. 



Continued. 

4 



1. 


- Trickling Filter Dods <Not "Filter 


1^ stress Aerobic, Bio- 
logical .Action Frorti 
Previous Module-Review ' y 

' ^ ^' 


2 


Food (Sewage) 
* * 

Oxygen (air) ^ ' 

Bugs * (growth on media) - ' 


1) Reefmph'asize aerobic 
Nature Process 
Function of Converting 
non-settleable* Solids 
To Settlgable Solids 
. (Humus) -Review " 




T^/-vrN />.T / - 

BOD/N/P 
100/2/1 


i) Reemphasize this 
Concept - Review 


4 

r 


• Trickling Filter OJ^timum 
Conditions ^ 

A 


\ . r ^ 

\) fJo Toxics, Sewer Use 
•Ordin^ce Enforced and* 

^ Correbt Conditions .Ess- ^ ' 
ential for Optimum Filter- 
Action .(Review) *\ ' 


5 


/' 

Trickling Filter Types by 
ApplicatioHv^Rates , ^ 
• 

1). "Roughing " Filter ' 
^-'2) Low Rate ^ 
3) -High Rate • 
-4) "Super" High R^te , o 


iT-Read' Slide-Refer To 
WPGF MOP 11, (reference) 

'2) Discussion of Each, 

Type Will Follow ^ ^ - 



1) Word Slide-Def i-ne Term- 
Give Specifies of Unit ^ 

2) Explain "mgd" ihilliori 
gallons/day • \^ 

3) Explain gpd and ft.^ 

4/ Explain the terms ^ . 
hydraulic (flow) and. 
organic. (solids) loadings 



1 .-A ^ 



cont 'd 
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ERLC 



May or Ma^' lijot Have 
Recirculatior^ 



Examples of Roughing^ Filte J 
Uses; . v/ 



1) greweries 

Food Processing Wastes 

3) Poultry/' Eviceration, . 
Slaughtering' Wastes ' 

4) MiTk, Cheese & Whey 
processes 

5) Toxic Waste Handling 
(Phenols) 



Normal "Roughing **ilterj 
Performance" 

vWhat is Expected? ,^ ^ 



\ 



5).. Stress Reeircula'tion 
Idea as Key ta Optimum 
Tricklin^^ Filter BOD ^ ' 
RemoVal 



3 iic 



1) /Stress Sigh BOD of 
These Indusitries . Exc^mp'l-es 
of up to .100,006^ ppm BOD. • 

2) Describe -Use pt Trickr 
ling[ Filter for. 'Treatment', 
of Phenolic Wastes. Sij\all 
Levels of Phen6l Gradually 
^increased to Higher Levels , 



1) Ask" question (Word 
Slide)' 



Expected performance: 

1) Low % Removal of BOD, 
(40 to 65)' hjat Very High 
Total Remoardl 



2) Low Nitratg Levels Some 
Nitrite ani Ammonia or, 
Ammonium Ion Present 

3) Some Odors- (Difficult to 
Keep ^ Aerobic) F.ew Flies - 

4J Sloughing - Usually 
Continuous ^ \ 



Where Have You Seen Roughing 
.Filters Used? • . 



1) Show.,t^a1^ BOD to Filter 
of 1000 mg/1^ with 500 mg/1 
ii? Effluent^ is only 50% 

' Removal, But Represents ' 
Many ..Pounds -44 1 7 0 ) /Day 
of ' BOD Removed . 

2) .Review Nitrification 



Process NH|- 



N02^'i*W^03 



Only Partially Complete 

31 Stress ^OD ah<3 Oxygen 
•Relationship 

- - _ / • ^ • 
4) Define "Sloughing" -and 
Why C'on^tinuoils . ^Redefine 
"Humu^" 



1} Stimul^e/Class .Partici-" 
• potion i^i^Where l^€4i^hing^ 
'.Filters are Used andMvhat r 
Problems 'are -Observed*. 
\> 2) lnstruct6r Should be 
* Familiar wirth Specific 
, Roughing. Fitter Inst^lla- . 
tions and Those Close to 
Area>'rif Possible!' — ^ • 



\ 



♦ 

i 9 



12 



.13 



14 



, Low Rate Filters: ' 

(Same as ' "Standard" Rate) 

^Usually Rock Media. 
• »6 t-o 8 Feet Deep. 

UBed in Domestic Sewage ' 

Treatment. 
Hydraulic Loading: 
1 to^ 4 mgd/acre OR 
25 to 90 gpd/sq.ft. - ^ - 
V Organic Loading: 

200' to 1000 lb. 30D/day/ 
acre ft. OR 

5 to 25 lb. 5PD/day/1000 
cu'.' ft. 

^•'Usually Does ttot Have 
Recirculation. 
Usually Has Dosing Tanks ^ 
r ^ or Siphon. ' . • ; 



formal. Low Rate Filter^ 
^Performance. 
What is. Expected? 



Expected^ Performance : ^ „ • 

^1) High' BOD Rempval 85-90%-. 

« 

2) Seasonal Variation iri , 
Performance. " . ' ' 

3) 'High Nitrate (NO3) Levels- 
Low Nitrite and Ammonia 

4) Some Odors-Some Filter Flies 

5) Sloughing- Intermediate 
and SeasoH'al in Nature. 



^ 1) Discyss Probleihs with 
Rock-Breaking, Clogs, ect; 

^) Defi^ne "Domestic'^ as 204 
pptn.BOD, 0..,17 pouijds/ ^ 
, capita/day. 

3}^ i^jiswer ^[uestions Abou^ 
Hydraulic and Organic Load^ 
(Terminology' Only) . . ' ' 

♦ * 

4) Dosing Siphon Means 
Standard Rate - * ^ 



Where are Standard or Low -Rate 
Trickling Filter^' Plants Located 
'Near Here? ' - 



;er|c • 
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1) A^'.Question (Word 
SJide) 



1) Stress Seasonal and- : 
Uncontrollable Ope??ation.' 

2) Re-^emphasize Nitrifi- 
cation. ' . ' 

3) Odor' Control r Good 
Housekeeping-Aferdbig k 
Conditions Maintained^ • 
4\, Fly Control Discussed 
Later.- 

5) Humus and "Slugi^''^ 
Obtained- (Not a particular 
plroblem unless snails- 
discussjed later) . 



1) Stimulate Cla^^s Part- 
icipation 4-n Locations, 
froHlemsv Solutions, etc. 
.2) Instructor Should Be 
Familiar With^ the .Plants 
In^the Area. 



"High Rate Txickljlng Filters? 

. tJsually Rock Media. 
- 3 to 8 f aet Deep . ' , * . 
Used in DoJ^iestic and 
. IncJ.ustrl^'l Waste Treatment. 
. Hydraulic Loading: > v . 
5 to 40 mgd/acre ^ ^' " 
100, to 900. gpd/ft/ 
Organic Loading: 
1000 to 1300 lb. /BOD/ 
day/acre ft\ OR 
25 to 300 lb. BOD/d 
1000 ft.3 . ^^^.^ ^ 

Almost alwpiy^^^s Recirculation. 
. No D^sin^ Tanks . * * , 
^JRetJuirefe Pumping and 

. Electrical Costs. ' 




Normal "High Rate" Filter 
Performance. "What is Expecteql? 



1) Stress D-ifferenQe 
Rptwe^n Low and High Rate. 
Filters 

2) Answer .Questions on 
Concept of Hydraulic and 
Organic Loadiiig. * ' 

3) piscuss Energy Cons id-- 
eration's for Hi^h vs Low- 
Rate- Filters /'Pumping & ' 
"*\'eetricity Costs 



1) Ask Question (Word 
Slide) 



Expected Performance: • • 
1) Good BOD Reduction • « 
85-90% , . ^ * 

, 2) 'Seasonal Variation^ Not 
as. Great as Low Rate but 
Still Exist.. 

3) Good- Nitrification; 
Howevet, Some Nitrite and 
Ammonia Present. 

4) Few Odors anc 
But Depends Upc 
Coritrol. 

5) Sl/oughing-Continyous 
Seasonal Variation 



1) Use Word Slides and 
Sttess Key Points. 




Where Are "Hig-h P.ate" Trickling 
Filter Plants Located? ^ 



1) Word Slide-Ask 
Question ^ 

2) As Before- Locations, 
Problems*, Solutions 

3) Instructor Fa3;;:\iliar- 
With Area Plants. 



'"Super High J^ate" Trickling" 
Filters : . n • . 

Usually Plastic Media. , ^ ^ 
Up to 40 J^eet * • 

Used in Many Domestic and ' ' 

Industrial Applications. 
Hydraulic Loading: 
• 15 to' 90 mgd/acre. ^ 
350 to 1000 gpd/ft/ 
Organic Loading: 

300 lb.BOD/day/1000 ft. 3 
Usually Has Recirculation. 
No Dosing^anks, 
' Requires pSnping and.El'ec- 
tifical * costs . 
Forced VeTitilation Often 
Used, 

. "Wetting Rat^e" of 0.6 gal/min/ft^ 
Impprtant in Many. Plants- 



Normal Performance of 
'^Super High Rate Filt.ers" 
What is Expected? . 



Expected Performance* for ' ^ 
"Super High Rate Filters", 
VThat is Expected? . , 

1) Good. BOD Refhoval' eSj- 
90% Depends Upon Loading 

2) Some Seasonal Variation 

3) * Intermediate to Excellent 
Nitrification-Depends on Loading. 

4) Few Odore, Few Flies 

5) Slo'ugl^ing Contdi;iuous (Seasonal) 

6) Media Breaking and Clogging 
Le'Ss common than Rock Media 

7) Towers f40 fti) Often Used- 
Filter Ventilation Can Be A \ 
Problem, I:^ Septic-Probleml ^ 



1) Stress These as The 
Trickling Filters Beii^ 
Inrstalled at Most New 
Trickling Filter Plants. 

2) Plastic Forms Gdbd 
Surface* for Growth. 

3) . Emphasize Hydraulic 
and Organic Loads . , - 

4) Stress "Wetting Rate" 
Conofept. 

5) Stress Energy Concept 
of Electrical and Pumping 
Costs and Forced Ventila- 
tion c6sts (where used) 



1) Ask Question, Word 
Slide., * ^ 



1)-, Stress Loadings vs 
Performance for Eacli Item 



Where are /Super -High Rate" 
Filters Located? 



1) Ask Qiiestion/^s before 

2) ^Ins'^uctor y3^ut ^ 



What. ar6 t^e Four Basic Types 
of •pickling FilteBs? 



1) Xsk 'Quef^ti^on 



.Right! . ^ \' - - ' 

1) "Roughing Filter" • 

2) . Low Rate or Standard Filter 

3) High Bate Filter . 

4) "Super High Rate'' Filter - 



1) >ford' Slide 
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Bow- do We Classify Filter^? 




1) 'Word Slide 



Ra^ght! 

1) Rock or Elastic 

2) Depth - 
31, Uses' - 

4) Hydraulic jading 

5) Organic^oading 

6) RecijpcJulation 
7t-Strpport Systems - Piamps, 

Forced Ventilation, etc. 
"8) Expected Performance 



Questions? 



1)^R>8 



view 



1)^ Instructor^Use ' " 
Remaining Time with 
Questions and/or Discuss- 
4t-- ion.. 



4r . • ^ Hi 



-»END 
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SUMMARY, 



Module Ntii^ber 
113H22 



Module Tit'le^ . . •* 

♦Intermediate ^Trickling Filters^ 



Apx. Taine 
Hours .3 & . 4 
2 Hours 



Objectives: 



* ♦ 



Submodule Title 



Hydraulic Loadings for Filters ' 



e Trainee Will: 



1) Calculate areas ,of a circle and rectangl^e . 

2) Calculate trickling filter acres when given 
rectangular $nd circular 'Measurement ©f length 

3) Identify-Xinits pf 'flow commonLy usejd 'ikn 
trickling filter applicafeion * • ^, 

^4) Calculate hydraulic loadings using an ejjample • 
trickling filter problem 



Instructor Aids:'' 


Overhead Projector witH Acetate Roll and Felt 




'Tip^ Marker (Alternate-use chalk, board) . . . . 




Handout and*Workbook \ ^ '/ ^ 




One .Overhead, Transparency / - 


i 

* • 





Instructor Approach; 



Instructor, seated, will wirAte and work examples ' 
on overhead projector acetats film, Have tjrainea 
work examples' in v;orkbook. ' 



• j LESSON OUTLINE 
; npurs 3 & .4 of 20 , ' 
Hydraulic Loadings for Filters 



■I 



Inscjucior vill be seated at overhead projector and 'lead disciissibn 
and l:rainee work as fqi'lows ' ' * 



Item 
\ # 



t Instructor Wi^^s the 
^. Following:' * 



Hydraulic Efe)a^3ing - 
"^voluine/time/area 



' 'Example . ^ 
gal/minute/ft.^ 
or 

million gal/^ay/acre 
mgd/acre 

< 

V,. *^ ' or 

gallons/day/sq. ft. 



Instructor Key Points of 
Emphasis^ 



Explain concept of hydraulic 
load- optimum removal with 
correct load • 



Explain area is square units 



Explain foot x "foot gives 
ft* 2 or sq. ft/ , t 

same as feet x feet - sq. ft. 



Explain: gpm,, mg<3, cfs, 
as -terms of floW * 



Itfem , 
# 


? 7^ 

Instructor Writes 
following: 


the 


• 

Instrtidtor Key Points of* 
Emphasis: ^ " 




, 1 

r 


acre = 43,560- ft. 2 _ ^ 
or 

208.7 ft. " ^' 


L^ng^th x width gives surface- 
• area ' ' ' 

or ' ' ' . ' 9 ' 

4 ' 

•208.7 X ^08:.*7 = 43/560 Jt.2 - 

V 




r 


. <i' acjre " 


■208.7 ft. 


r 


step 1 . . • • 
Now - calculate how many 
acres are in slirface with, a 
length, of 500 ft. and a. width 
of 500 ft. 

^50'^ ft. 


Allow apx* 3 or '4 minutes - 
tQ. have trainee get answer. ' 

Slide rule, ^ . - 
. calculator, 
hand math 


IT 




b — — 


500 fty . 






Area = length x width 
. area = 500' ft. x ,500 ft. j 
area = 250, 000 ^.t.2 


Emphasize /importance of units t 
' ahd f a6tbr cancellation'^ " 
concept., e.g. ' -7 , 










-F4. -2 ^ • 

- = acx^es . 

f i" - ^ / r^X^Tf^ 




1 


Step 2 
acre = 43,560 ft 
• so 


.2 ^ * 


. * 




500,000 ft.^ 
. 43,560 f.t.Vacre 


11.5 acres 


% * 



Questions? 



Item 



"^Instructor Writes^ the 
Followijig: 



To calculate surface area -of 
a re'ctangle: . 

Area =r length x widSi 

Area = scj. units 
• sq./ft. 

acres^ 
, Ki^ters^ . „ 
inches^ 

Another Example: 

A trickling filter 25 ft. 
long and 20 ft.^wic^, ha's. 
what ^ surface area? 

Solution: 



'A = 1 X w' 
A = 25 ft. : 
A = 5€0 ft.' 
or 

500's<|., ft. 
Que s^t ions? 



20, ft, 



Ins^ructojjf Key Points o£ 
'Emphasis: ' 



Define rectangle 



ft.x ft, 
, >\ or 
sq. ft. 



ft.^ 



Instruibtor Writes the 
JolloWing: 



Instructor Key .Points: of 
Emphasis 



Ask students 'to find .area of a 
tricWlirig filter 2p0 ft. long 
aiv3 400 ^t, wide."* 
Alsbj how ^ any acres? 

,Soi'uti6n . 

A =, 1 X w 
A \ 200 ft. .X 400 ft. -= gOOOOft^ 
\! and . ^ ' ^ 

80,000 ft.^ . T Q 

.43,560. ft. Vacre -^-^ ^^^^^ , 

Questions? 



^v'aLt 5 jjf^ute'^ after giving 
problem ^^ive indiviSual 
lelp then work with% 
overhead. • " 



Look for "los.t look", on faces 
or those not working . problem. 

Two' concepts (a) surface area 
of rectangle and (b) calcu-- 
lation. of acrfes - the point- 
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Item 4 - Inst^fiuctor WriteS tHe 
FQlloWi«Txg: 



4< 



Instructor Key Points of 
Emphasis : 



*Draw a vcircle 




and 

Show radius and diameter 

Area <7r R? 

'7r= 3,14 (no %nits) 

R = radius 

R X R =» square units 

' so ; » 
A = 3.14 x;R' X R' 
^ \ or ' . 

A = 3,14 X ft.2- 

or • ' » 
Other area units 

, • ' * i 

Example: 




\ 



Trickling filter diameter 
= 60. ft. Find the area in 
square feetr and the' acres. , 

Step 1 ^ 
d = 2R 

60 V2 = 30 ft. = radius • - 

radium = 30 ft. 

A = nXB.'^- . '. . 

so ■ 
A = 3.14 X 30' X 30 



Work Out 



'1 



= radi 



us> = i^ ' d J 
diameter = 2 



Can determine in a plant by 

(a) estimating walking,* etc, 

(b) tape measure and^ (d) 

# Blueprints' (scale) 



0- 



"Pie are round, cornbread is 
square^. .Corny, by it works I 



d = 2 X R 
so 

60V2 =^ 30 ft. 



It- 



7 



G|[eck^ to see if decimals can 
be haholed. 



con.tmued 

3,14 
X 30' 



104.20 ft. • 

and ' • " ^ 

104.2 ft. . 
' X 30 ft.'' 
3126.0 sq^. ft., 

.Answer = 31260 ft.^ 

Questa!ons? 

A 

Cal^culat^ Areas? 

3126 ft.^ ^ 

43560 ft.2/a,4re = 0.72 acres 

Questions? 

One More Exain^>4^:' • • 

Trickling Filter. With' 200 ft. 
. diameter is how many surface 
acres? 

A =7rR2 . 

A = 3.14 X IQO' X 100' 
. Area = 31,400 ft.2 , 



Acres= 31,400 ft.^ 

■43,560 ft.^/acre 

Questions? 



, = .72 acres 



Check decimal division 
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.Item Instructor Writes the 
Followiiig: 

t 



1 



Hydrauljic Loading:" 

4 

vo 1 lime/ time/ area 
IF.: ,1 

2 gal. flowed. to a filter each 
minute that was 1 ft. long 
X 1 foot'^wide^ what is the . 
hydraulic loading? 

^^olume = 2 / 
time = 1 min\i>fee ' ^ 

area = ^^. ft. x 1 ft. = 1 ft.^ . 
• so 

hydraulic load = 2^gpm/ft.2 

or ' / , • ' T ^ 

1 million gallons flowed ^to 
a -filter 208.7 ft. long an^ ^^ 
208.7 ft. wide. What hydrauTic 
loading in. mgd/acre and gpd/ft.2 
went to the filter? 

• 9 

* 4 

1 mgd = 1,000,000 gpd' ' 

hydrsLulic loa<j^v(yruine/tinie/area 

•. or 

-1,000,000 g^./day 
Area = 208.7 ft^. x 208.7 ft. 
Area = 43,560 ft. 2 
so 

Loading. = 1,000,000 gal/day 
43.560 fl-.2 : 

2 



^Instructor Key Points oi 
Emphasis: 



43,560 ft. 
Lng = 22.9 gpd/ft.' 
50. ift.f = ? Acres. 



Lo 
43, 

. 43,560 :,ft.:f 
43,560. ft.Vacre = i acre 
Sp loading is ' ' " 

V - , 4 

1 mg(a/acre^(low rate). 
Questions?- 



Compare to mininum '^wetting 
rate" for plastic media 
filters. 

Fixed nozzles^ 



Review this conversion 



fvsk if low or high rate" (Low) 



erJc 
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f * 


'\ % » *t 




• 




* • 




Item 


Instructor Writes the 
Following: 


Instructor Key Points 
Emphasis : . ^' ' 


of ■ 


t 

f 

i 


• 

• 




Calculate the hydraulic 
loading to ,a trickling i^ter 
'as mgd/acre and gpd/ft.2^ 
If- the filter is 100 ft.- long 
apd, 100 ft. wide and receives 
2,56d,Q00 gal of sewage each 
day? * V " ' , 
Solution : . 

Step 1 
• 


f ' 

Write 'the' Problem, ' 

Wait 5 minutes 

Assijst non-worJiers or 
confused • trainees • 

1 

J 


^ - 


* 

9 


• 

* «i 




2,500,000 gal/day is 2.5 MGD ■ 
Step 2 

.Area = 100* x 100' =10,000 ft^ 
Acre = .10, 000' ft. 2 = .23 Acres 
43,560 ft.-i/acre 


'J . ■ ■ 










2.5 MGD/. 23 Acre- 
or 

2»5 MGD = 11 MGD/acre »• 
'. 2 3L acre 

/ Step 3 


y 


« 








Mnd' gpd/f t.2 
^,500,000 gpd 
Ttrear = IX) , 000 f t . ^ . , , 
so , ^ - 
2,500,000 gpd =-250 apd/ft.2 
10^000 ft. 2 


• 










Low Rate or High Rate? 


High Rate (See- Table) 












§ 






Questions? 


' - / 

s 


> 

s 










m 


i 








4 

S 


# 

• > 


> 

< 


ERLC 
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Instructor Writes the 
Following: 



circular filter • 
diameter of 200 ft. and *• .. 
flow 5,000,000 gpd ' * ■ •. 
Find: • - - 

Hydraulic loading in gpd/ft.2 
and mgd/acre 

Also-, what type of filter is , 
it? Low? ■ High? Super High? .. 

Solution: .■ 

Hydraulic Loading: '"' • i # 

5,000,000 gpd = 5 m6d 
di.ainet^r = 200 ft. ' 
radius = 200 ft. = I'OO ft. *k 



Area = 7Tr2 
A = 3.14 X 
so ' 



2 



10^' 



X 100'=31,400ft2 



Loading in gpd/ft.^ is: 

5,0t)0,000" gpd - = 159' gpd/ft.2 
31,400 ft.2 

Loading in MGD/acrer . 
"MGD = 5.0 - 
Acre = ? ' 
„Area = 31,400 ft.'^ 
Acres = 31,400 ft. 2 = .72- Acres 

43,560 ft.Vaciie ' 
Loading = 5.00 MG D 

, , 0.72 acres. . 

Loading = 6.5 MGD/acre 

Low or High Rate? (High), 

Question's 3 ' 



Instructor JKey Points of 
Emphasis ' 



Give Problem. 

J? 

Wait 5-10 minute^./ 

Help Problem Trainees , 

Work Togetfier Using 
Projector 



Review this step 



SHOW, OVERHEAD #1 
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^ time p^mits have trainees i/;orK, the following:; 



Problem #' 


— : — — — r— 

Details 


Aj2^er 


1 


^: '-^ z ^ 5 ^ 

, r ^ 

Flow = 3 MGD ' ^ ^ 

D^ametei of .T.F^ = 2^5' ft. ' f 

Find MGD/acre ' ' 

What type of filter*^ 

S ^^-^ ■ r 


V, • 3.0 

Low .^^ • " - 


2 


Flow = 3 MGD ' ' . :f o' ^ * 
*i3iameter' = 100 ft, '\ ' 
'Find WGD/acre * ^. ^ . 

What* type of filter ' ' ^ ' • ' 

" ' .1,-11 — >. ■ . .~ a . 


V 

16.7 

nign \ - 


• 3 


• 

Flow = 10,000,000 gpd 

Diameter^ = 160 ft. ■ - ' 

Find gpd/ft.2 . ^ 

What type of filter ' - ' 


497 gpd/ft.2 . ' . 
Super High ' o 


4:- ■• • 

* 1 

ft 

<5 


Kow large should 2 ^ttickling^ . 

filters be to handle. lO MGD 

of sewage if they^ are designed' - 

as low rate filters? ' - 

(acres & diameters) ' ' v j • ^ \^ 


10 mad = 5 ^IJGU ^ 
2 ' each 

'So, no smaller 
\ ^ than l.:?5^acres ' 
' "^eacK or 132 ft. * 

diameter 



\ . 



• 

.ERIC 




SU^4MARY 



Module No\ 
^ 113H22. • . 


r ■ — ■ : — : • ^ * 

' ^ * Module Title . 

^ ' , Intermediate Trickling Filters ' * ' . 


\Apx Time 
2 Hours 
•Houts &..6 


Submodule Title ' ' ' ' 
. Organic Loadings for ^Filter^s 


Objectives S ^ 


^The trainee \till: 


\ • 

' V 


1)* Calculate volumes of rectangles and cylinder^. 
" ' 2) Calcijlate Trickling Filter volumes when 
given filter measurements, 

3) : Calculate organic loadings as commonly ^fpundi^ 

in trickling filters. 

4) Identify and calculate "acre feet'l ' 

5) Convert mg/l to pounds/day, given flow. 



Instructor Aids: 



Overhead projector with acetate roll and felt 
tip. markers (alternate r use chalkboard. 

Haridout an^ workbook. 

One overhead transparency., ^ ^ 



Instructor Approach 



Instructor seated, will write and work examples 
•.on overhead projector acetate film. Have trainee 
work examples. -J 



END 



Item Instructor Writes' the Pollowing: 



Organic Loading (Food) 
pounds bf BOD/day /Volume 

* ^Ixamples: 

Ibs.gOD/day/a^dxe- foot 
and^ ' 

lbs.BOD/^ay/1000 cu.ft. 
Questions? 



Instructor Key Points of 
Emphasis ^ 



1) Food to media volme assures 
optimum operation * 

2) Too much is poor 

3) Too little is poor 

4) Septic or poor growth-, , 



\ 




Acre = 43,560 ft^ 



1 acre foot == 43,560'yft^ 



208.7 



2d8:7^'.Cv 




Contents of box = 1 ,acr.e/£oot 
(1 acre f oot==43 , 560 cu. ft.) 

Example: "X ' 

-Trickling Filter is 236"" ft:, in* 
•diametfer (118. ft. radius) ^and 
7 feet deep. How many acre feet 
does it contain? , ^' ■ 

Solution: » 



Area = i^ r^ . . • ' " 
W = 3.14 Jc ll8' X 118' 
' A = 43/721 sq.'* ft. 

■ . -b. ■ 

Acres, = 43,721- ft-.2 k i 
, ■ • '43,560 -ft.^/acre 



re 



Ac'r^ X f^e^t = actre feet . 
1.0 X 7.0 - '7.0 acre feet 

. • Example 2:' 

square filter 100 ft. long, 
and ^ft,. deep contains how ^ 
many acre .feet? ^ 

Solution: . ; 

Area = 1 x w ^ 
Area = 100 • x 100 ' 
A-rea = 10,000 sq. ft. 

Acres = K^r^OOO ft. 2 

^ ' 4 3,560 ft-^/acre 

Acres = 0.23 

Acre feet = acres x ft. deep 
acre feet =0.23 xl0=2^30 ac^ 'ft. 



Instructor Key Points Of ' 
Emphasis: , - - 



1) . Review 



-2) l^ork Ntogether with class' 




3) Allow class 5 mimite 
to work, then •'Work toce\hef 



ERLC 
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item 

« 


1 7* . — r^: — ■ — 

1 Instructor Writes .the Following: 


Instructor Key Points 
Empha|is: • • , , ^ 


•erf 


3 

* 


Organic Xoading requires 
ppunids^of BODs/day.- Given \ 
. mg/l* y % ' * ' 


.1) This may, be a review* for< 
some trainees and new mater- 
ial fipr others/ 


<> 

• 

• 


lbs*B^5=8'.34 X rirgd x mg/l * 
Example: 




« 

• 




Influent .to filter is 135 
ppm B,0D5. The flow is 1 MGD, 
The pouijds/da2 .os BOD is 
found: " 




> 

■\ ' 




; Ib's^. =8;34x ^i35 mg/l x.l MOD 
day . * ^ ' - ' 




1* 
0 




or • \ 
lbs/day BOD5 = 1126 lbs/day 


0 




; 


Example 2 : 


2) Just to. be sure 






Influent tp' filter is 
180. mg/l Wha't is Xfes.BOD/ ' 
. day ffeaTa 3 MGD flow? ' •- 


' 3) Allow ^ minuter to 
then v?ork "together • 


work; 




^ • Solution:. 








lbs.. \BOpj^=8.34- X 3 MGD x 180ma/l 
« day 




Ik 




Ibs^./day = 4,504, * ' 

* 

Questions? 




* 



ERIC 
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ERlCr 



Item 




« 9 



Organic Loading is Ibs.BODs/ 
day per acre foot 



or 



per 1000 cu. ft. of filter 



Example 1: 



11261 lbs. of ,B0D5/day is ' 
lo'ade^ (applied) to our 236' 

.^^llfeiar^' deep ^{7 acre .ft.) 

-^What is the loading? 

, Ibs.BODs/ddy per acre ft. 



Instructor Ke y Points of 
Emphasis; 



1) Review 



or 



1126 Ibs.BOD/day =l61 Lbs BOD«^ 
7 acre feet -acre( feet 

(low irate filter and low » 
loading) ... 



Ejcainple 2: 
If 4, '5(04 lbs. BOD5 is. applied 
to the square filter lOO* each 
side, what is the organic 
loading in lbs. BOpg/day /acre ft'^? 
And what type filter is this?-?. 

Solution; 

^,504 lbs/day = 195 8 lbs/day 
2.3 acre ft. acre ft. 



(Super High Rate*-Filter7 



or 



3.MGD-flow f,or 0.23 acres 

3_MGD__=^^3ro mgd/acre' ft. * 
0.23 acres,, * r, 

Hydraulic, lojtd^ means a* high rate 
with abnojfmal load (i'tidustry?) 
.of BOD to the filter. 

Questions? ' " . ^ 



2> Allow 5 minutes to work, 
then work, tdg^ther.- 



3) Discuss- which type of^. 
industry might give this"^ 
overload * - 
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f * Item 


Instructor Writes the 'Pollow.ing: . 


Instructor Key Points of 
Emphasis: 


5- 

• 

• 


Another way of expressing' organic 

loading is : ' * ' • 

lbs •B0Dt5/day 

1000 Qu.ft. of filter, 

To find volume of filter (cu, 
ft,) just find area (as before) 
and multiply by depth . ; 
**or 

V in ft. 3 = Area, ft? x ft. deep 
Example 1: ^ 


♦ 

• 

• * 




Filter with diameter of 236 ft. 
(area of 43,721 ft2) that is- 7 
ft. deep has a volume of? 


* 


• 


V = area x depth 
or 

V=43,721' ft2 X 7 ft. 
*V in ft3 = 306,047 ft^ 

or ' " . ^ 


( 

* 




306,047 ft3 ^ 3(J6 iinits of 
1000 ftVunit 1000 ft*. 3 


< 




To find organic loading in 
Ibs.BODq/Say * : 
^ 1000 cu. ft. . ^ ^ 






Simply Divi'd^: ° ; ' 






1126 Ibs.BODq/day 
306 units pf 1000 ft3^ 






1126 = 3ce% Ibs.BODs/day per 
* 1000 ft3 






so' 

(Low rate filter with low BOD 
loading) 

/ 






, Questions? . " U * " 


Expect Some 








• 


• \ 
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A 



' Item 



■It. '* 



5' 
cont'd 



■■r 



Another example, to be sure. 

^,504 Iba.BODs/aay 
(example above)<' 
applied. to the square filter 
^ 100 ft. each side, that is 10 
^ fV^deep. . . ■ 

♦ - 

Find (1) the organic load in 
povinds of BODt^/day 
1000 cubic feet 

(2) the type of filter (high, 
low, super high) 

(3) is it correctly loaded? 
Yes? 

^No? . ' 
Why? 



Instructor Writes the Following: 



Solution: 
step 1 



r 



ft3 V = Are^(ft2) x depth in ft. , 
V ft3 = 10,000 ft2 X 10 •=100,000ft3 
To find units of 1000 cu.ft. 

100,000 ft3=ioo xinits of 1000 cu.fjt. 

Step 2 

Organ ip loading = 
lbs>BODt^/day. 



*Instr^uctor Key- Points , 
of Eiriphasis: 



Allow 5 minutes to work, 
then work together 



\ 



units of 1000 -cu.ft. 
. Organic loading = 
4,504 Ibs.BODq/day 
100 units of ,1000 qu. ft. 
Organic Loa,ding = 
45 Ibs.BODr^/day ^ 
1000 cu.'ft:. 

Filter is high rate or super 
high; rate (lo'aded very low) 

Questions? 



ERJC 



Show Overhead -.Slide ^ 1 
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0\^RHE|aD # 1* / 



Type. of Filter - 

/ " ^ 0 


r Orgarfic Toading-units 


Lbs. BOD/day /acre ft. 


pounds BOD/day/lOOOcu.ft 






/ 


Low Rate 

* 


200-51060 


5-25 / 

0 X 


High Rate 


1000^1300 


25-300. ■ / ' ■ 


Super^^i^h Rate 




up to 300 









MOP 11-WPCP Guideliries (1977) 



V 



30 



If time permits, have trainee wdrk the following ek"ample^j 



Problem f 



1 ^ 



Details,' 



Flow = 3 MGD 

Diameter = 236 ft 

Depth = 10 ft. 

BOD = 100 mg/1 to filter 

Find lbs. BOD/day/apre' foot 

What type of filter? 




41 



Answer 



250 Ibs.BODj/day/acre ft, 



Low Rate 



J*low^ == 100 MGD 
5 Filters loaded equally ' 
BOD = 130 mg/1 to filters 
Find the area of each filters 
.to give a loading of * 10 lbs, 
.of BOD/day/lOOp ft3 of media 



2^,168,000 ft^jfor each of the 
5 filters: 'each 232 ft. square 
and 40 'ft.' <?eep. 
Super ^Big! 



Flow = 2 MGD 

BOD = 400 ppm ta-filter 

Filter =40 fp< sd. and 

20 ft. deep.' ^ 

What type of filter 

is this and is it over-- 

loaded? Why? 



Hig\l 



Super High Rate (Plastic) 

Organic Load isV 

g672 lbs/day =209 Ibs/BODc 
32 units of lOOQ 
organic load OK'-. 

Hydraulic load: 

2/000,000- gpd = 1250 gpd , ' 
1§^0 ft^ per f t2 

Hydratilic loading ^DVerloaded 
(Slightly) " . 



END 



■ • SUMMARY 



113H22 

■ 


Intermediate Trickling Filters 






Apx. Time 
2 Hours 
Hours 7&8 


Submodule Title ^ . 
Recirculation Ratios - Calculation ^' 


« 





Objectives 



The Trainee Will: ^ . ' 

1) Recognize and. list the reasons for using recircu-^' 
lation in a trickling filter operation^ 

2) List common BOD concentrations to a trickling 
filter and corresponding Vreeircuratibn ratios .7"^ 

3) Define recirciJlation irate, and 'calculate 
corresponding numerical values. 

4) ' 'Demonstrate a working knowledge of operational 
cont2;ol for a trickling filter by completion of an 
example problem, , 



Instructor Aids:' 



Overhead projector with acetate ro^l and felt tip 
m^xker (alternate-use chalkboard) ^ 



yr.^^andout and workbook 
' ;^verhead transparencies 



^ Instructor Approach: Instructor wi^ll present ove^rh^d slides and* work 
exam|)les. Hav'fe trainee work e^^^^mples \Xi workbook. 



ERIC 



c 
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LPSS0« OUTLINE 
[ ■ Hours 7 & 8~"of- 20 . r^^, 

Redirculation Ratios - Calculations ' * ^. 



Item # 


y Overhead or. Write } , 

s ' . . * ' ■ ♦ 
. s . : ^ 


» 

Key Instructor Points'^ 


1 / 


Recirculation Why? . * ' 
• \ 


■! - — ■ , . - ■ ■ 

Ask ^aoestion^ lead 
discussion 


2 


Recirculation; • ^ s 

1) *Used for high, or* super high 
filtei^s 

2) Improves hydraulic and organic 
loadings (if needed.) 

3) Improves efficiency 

\ 


Review Filter types 

Review wetting rate,. 
BOD, and hydraulic 
loading. 

Will cover in next 
lesson, -exact amount 


3 


Typical BOD Removal: 
Primary 35% 
' Influent 204 mg/1 BOD . * 
( . 17, Ibs/capit^/day and 

What is liormaL tb filter? 


■ Review .these concepts . 
Rec^culate if req'd. 

pounds = 8.34 x mgd x 

Us^p^ trainees answer., 

\- ' . ' . ■ 


4 

> 


. 65% of 204 = 132 ■ 


7- — ^ 

Review, word slide 


■5 


• Higher' the BOD.... 

Greater the recirculation! 


Word slide 

f : ^ ■ 


6 


^ ; 

EPA Table 

Recirculation rate for maximuitr 
BOD of settled wastewater 

1/Recirculatibn i§r_ 
'BOD mg/3| Ratio' - 

. , 130 1:1 ^ 

170 • ' ^ . 2t:l . . ' , 
220 3:1 * . ' 
•260 4:1 , 


E:i|iiiji* Table 

t * » 



'Recirculation ratio defined as 
total number of^ times wastewater 
returned plus 1, / ^ 

v^. . • ^. 

Example: 

mgd. Total 
mgd Recirculation Hydraulic Load 



Flow R^tio 




(l+2)x5^l5 
(l+3)x5=20 
Hl+4)x5=^5 
x5=30 



^ > 



Review 'and explain 



Que'^ti€)ns :| . 
vn:iat/hydrduVLc loadi^ would "a 
3 m44 ^i^w with a ^ 4 to 1 
recirculation\ratib be? ^ 



Word Sli^e 
Allow 2 OT 3 minutes ( 
to 6olve — '--"^^ 




11 



piS mgd - Rightl 
OR • 
Flow = 3mgd x (1+4) 
Flow = 3mgd x 5 = 15, mgd 



Explain 



What BOD range would you expect 
the trickling filter influent to 
be? 



Word slide^ 
Ask, question 



Bight 1 apx. 260 mg/1 



Review slide 6 
if, required 



(Write on overhead) 
If - a wastewater flow of 8 mgd • 
contains 20,100 jDpunds of BPD5:,' 
what total flow m mgd wojild 
you expect to treat? Why? 



12 



Allow 5 to 8 miijutes 
to work, then work 
together 



34 



(Work on overhead, seated) < ^ [ ^ 

Ibs.BOD^/day =8.34 x mg^d ^Img/l 
SO ^ ' . ' ' ' ^ [ , 

^20,100 lbs/day=8.34x8mgid X mg/l BODc 
SQ , - ^ . ^ ^: 



20, goo Ibsy/day = mg/l BOD5 
8.34 X 8 mgd 

and,^^' - ' 

20,100 =;'304 mg/l 30D 
66.7 ^ 

Questions? ' 



Work ^ 



-.Continue- 



304 mg/l BOD to filter 
optimum recirculation is 
SO ^ . • ' 

total flow expected: 
Flow = mgd x (> 4 + i) 
Flow = *> 40 ingd ^ 

Questions? 



Continue to work and 
and review 



Remember 
higher '30D-h,igher recirculation 
high rate filters of super 'high 
/ improve loading . ^ 
improve efficiency 

pounds ^ 8.34 X mgd x mg/l 
day 



Word ^lide, summary 




.Total f low=influent flow x 

recirculation ratio + 1 

^ Removal ^in-§ut • x 100 



4) ^ 



xn 



Questions? 



6^ 



4 • 



END X 
L X 



STUDENT WORK EXERCISE- 
. ^ 1 Hour* (H0U2; 8) ^' ^ ^ y 

Recirculation Ratios Includes Hydraulic Or^ic/Loadings 

Problem 1 : ^ . ' ^ , . ' • 

^ ^ ^ r 

Given flow tb plant = 12 m^d ^ " . ' ' * ' • 

Plant influent total lbs.. BODs/day = '48,000 . ' . ^ 

' % Ilemoyal in primary plant = 38% ^ " , 

Pl^^t has four high rate filtefsVwith 300 'ft :/ diameters 
Reierf.rculation is practiced, |>3<ant is mechanl<:ally ii/good working 
order. * , . -^7 ^ 

Question: What recircuiifltion ratiq would you recommend for .best* * 
. . plant performance? ' Why? ' * ' ' ^ • r - 

Also ' • ; * t ; *. ' 

1) Wl^at is the number of pounds .of BODr/day to. each 
of the filters? - ^ - 

2) What is the mg/1 BOD to ^ach filter? 

3) What is the total flow into all fouir ^filters in mgd? 

4) What is the hjjdraulic Ic^ading /(after recirculation) 
for each filter?' t . ^ ^ • 

5) What is ^the organic loading (after recirculation) for 
> each filter?' ' ~ 

(You have ^ip to 1 Jiour €0 .finish) ^ • . 

If you finish early, see hhe instructor to ch^pk your answer * 

Problem 2; (For Fast Finishej^s of troblem 1) ,r } 

Given the folldwing: . - • ■ 

BOD /n to plant '= lO'OO mg/l- \ ^ 

Primary removal" = 52.% , • ' 
pliant flcsW = 1 mgd - ■ 
Filters Cthere aire .2) plastic me*dia 
• Towers 40 ft'^1 wide -and 20. ft, long and 20 ft. deep 

1 ' ' -% ■ • ' ' ' ' « '• 

1) Would you' operate the filters in parallel o4 series? 
, Why? . ' ■ ■ ■ ^ ' 

.2) What recirculation rates would you use in your ^ C 
. operation? Why? 



.SUMMARY ■ , ' 



4 : 

Module Number 






113H22 


Ihtermediate Trickling Filter . ^ ^ * 


< 


Apx . ^ime 


Submpdule Title . " 




2 H6urs 
Hours 9 St li) 


Measuring Trickling Filter Performance^ 






' _ * ' 3^ 



Objectives 



\ 



/ 



The Trainee wil^jLr V • . ' . 

I) Recognize and list the pgrforinance of , a trickling 
filter using the parameters of ^ettleable solids, 
suspeiided solids, dissolved oxygen, BOD/COD, nitrpgen 
species, and ^H. ^ \ 

"2)^ Calculate a materials balance for an example 
trickling filter pitant, ' . . 

r 

3) ^ Calculate the "es^timated efficiency of a trickling 
filter performance using yarious recirCulatioj> 
.rXtios, ^ 

4) Work a typical problem td find opting' recir- 
culation to achieve desired trickling filter ^ ^ 
performance. 



Instructor Approach: Overhead transparencies and work at overhead 

projector ^ 



END 



• LESSON OUTLINE 
ing Trickling Filter Performance 
Hours 9 & 10 of 20 



Item 



;ERiC 



Instructor Writes or Uses 
thelFollowing; ' 



Trickling filter converts 
"non-settleable to settler, 
'able solids. - 



Aerobic Treatment 
Needs 

Food /Sewage) 
Oxygen (air) 

Bugs (Bacteria + Others) 



Trickling Filter Performance 
measured by.: 

1) Solids-suspended (&/ settle- 
able. ^ , . 

2) 'BOD/COD reduction 

3) Solids jprodtrced (humus) 

4) Nitrogen oxidized 

5) Recirculation ratior^ 

. hydraulic & orga'W.c loads . 

6) Oxygen-ne^r satumjbion - . 

7) No abnormal problems^ 
(odors / snails, ponding>^^tc. ) 



-1 r 



Typical trickling filter 
treatment plant. 



Sblids to Filter 

/Suspended Settleable , 

' ^ Solids> Solids ' 

35-45% of Trace 

plajit '(Imhoff cone) 

influent ' ' ' 

Typicar Plaht-susp^nded 
solids 40% 'of v3 00 mg/1 - 
120 mg/1 (Non-§ettleable, 
colloidal) • 
•OR • - ' V , ^ 



continued- 



Instructor Key Points of 
Emphasis: ' 



Emphasize secondary settling 
function 7 



:t^'] 



Review from Module 1 



Vford slide, review as written 



Answer questions 



Review flows and referen 
to the following example 



ce 



Review settleable solids 
removed. in primary 

s 

Suspended solids lbs/day 
is important /'^ 



38 



5 

cont'd 



ERIC 



For 1 mgd flow: 

Ibs.ss/day = 8.34s»x i mgd x .12,0 mg/1 
Ibs.ss/day = 1000 lbs. /day 
(converted to humus') 

Normal Performance: 

Low settleable solids a'nd low 
silspende'd solids in effluent. 



BOD/COD . 
Primary removal' 35-40% 
Trickling' filter ihflueAt 65% 
of 204 mg/1 = 132 mg/1 



For 1 mgd flow: 

Ibs.BODg/day = 8.34'x 1 mgd x 132 

mg/1 

lbs. BODs/d^y = 1100 lbs. /day 

Total BOD femoved apx* SO-90% of 
_plant influent, * 

If inflvtent is 204 ppm,' 85% 

removal leaves 15%.* 

15% of 204.ing/l =-30 mg/l 

Normal BOD expected 25^50 mg/1 
,AND 

^P^ult. ^ ^0^5 



Review what #BOD means * 



Review 
BOD . 



calci:^l 



.ation of 



Review BOD/COD^ arid BOD5 
and BOD^j. ^ * 
solids relationship 



BOD 



ult. ^ 



COD 



Solids produced (humus) from 
oxidation of dissolved'^and -non- 
settleable suspended solids. 
Simple calculation: 

■ < 

Part 1 

^ Suspended solids: • " 

Plant influent 300 mg/1 ' ' • . 
-Primary effluent 105 mg/1 
.(to filter) 
Primary effluent 30- igg/l 
.(from fiiter),(90% removal) 

Filter removal: 
105 mg/1 - 30 = 75 mg/1 
Ibs.gs/day .=75'mg/l x 8.34 x 1 mgd 
« Ibs.ss/^ay =626 lbs/day (sludge) 

i 




39 



7 



/ 



. . • 

• * - ■ ■■. ,, 


- * • 




• • 8 ' 
! " 

9 * 


Part' 2 ' • " V 

BOD oxidation: 

BOD into plant 204* mg/1 

Primary effluent 132 mg/i 

(to filter) 
Leaving Plant 30 mg/l * 
BOD removed on filter: 
132 - 30 = lff2 mg/1 


Work with student on%'* 
prohf^eiH/ explain BOD-^ 
oxi&ation. ; 

\ ' ' ' * s * 

*. y*^ » 

• t ' { 

s 




1 lb. of BOD produces 0,77 Ibsn ' 
of sludge, ^ 


*' ' '\ t 




ll?s.BOD/da,y remoyed 4 8,34|x 1 mg^ x 

^ '102 Ag/1 
* * • 


t > 




lbs. B0D5/day = 851 lbs //day 




1 


lab. BOD gives 0.77 Jbs . sludge 
SO ' 

851 X .77 = 655 lbs .sludge/day * 


t 


9 . 


> ^ ..lit - -* — 

Sludge^ from ss - 626 lbs/day ♦ * 
Sludgie'from BOD.= €55 lbs: /day 


Review calculations 


« . 


Total, . 12 8L Ibs/day 


Questions. 


* • * ** 


(dry i^ludge based pn 204 mg/1 BOD- 
and 300 mg/l suspended solids) 




10 


Sludge Volume 

lbs (dry) x 100 - = lbs/wet 
so , - % sludge 


« f 




128fl lbs(dryj x 100 = 25620 lb/wet 

» ■ . ~5~ , ■ 


. ■ " 

♦ 




25,,620 lbs (wet) = 3071 gal. 
"8.34 Ib^/gai^ 






So - expect to pump 


• 


^ apx/*3071 gal.sludga (95% water)^ 


* 


s 

'ERIC 


' ^ r 

^ '40' ; 


« y 

■ ' .. 






^ 2i 
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Nitrogen Oxidized; 



12 



1 ) Find nitrogen in -plant ■ influent 
(say, 25 mg/1)' ' ^ 
1 mgd = 209 l6s/day " " 



2) Estimate 99% .conversion ' 
99%- of 209''lbs = 207 lbs. 
Removed - 2 lbs. left 
OR ■ . ■ 

- .25 mg/1 left 
But ■ " 

■1 lb.NH3 gives- 4 lbs of Nitrate- 
(NO3) • 

Normal values 20-50 mgj/l' 



Recirculation Ratio & Performance 
National Research Coiincil "Formula: 
. ' i 100 

E = - ' 



0 ► 



1 + .ooss /. WAP 

Where ' ' . 

. E = % Removal BOD5' 

=.BOD load lbs/day„ 
F = RecirQulation Factor 
.V = .volume of filter mf dia 
(acre-feet) * 
? AND. - 

F = Recircula^tion Factor 

F = 4 -f r * 
(1 + .01 r) 2. 

r = recirculation ratio 



See Metcalf & Eddy 
' Reference 



Keep the trainees caliji- 
tell them not to panic- 
that you will work out 
step by step * 



Example 1: 
Given : 

Flow = 250, 000 gpd 
Filter diameter =96 feet 
Depth = 6 feet (acre feet 
BOD to filter =175 mg/l' 
(lbs. BOD5 = 366/day) 



= 1) 



100 



E = 



E' = 



'1 + .0085 VW/VF; 



100 



. 1 +' .0085 V366/1 -x 1 



100 



E = 



E = 



E = 



1 + .0085 v/366 " 
^ 100 

1 + .0085 X 19.1 

- 100 



1 +• .165 



E = • 100 = 61% ' « 

1.165 

61% of the BOD will be removed 
or 100 - 61 = 39% left 

Effluent will be: J 

39% of 175 mg/l = 6& mg/l 



Show how to do square 
root. 



Show how to find 
.0085 X 1'9.1 



Questions 



' 42 





- • * 






. r " " " ".' ■ ' 


« c 


14 

Write 


Example 2: ' . 


.» ^ 


on 

Over- 
head ' 

I 


Assume- a 1:1 Recirculation ration 
(Same d^ta) <v • ^ 

1 + r f . • 

• F = 
• • 

(1 + .01 r)2 ' 
F^=- Recirculatidn factor 

» 


* * 

* * * 




' F = 1 +-1 

1 + (0.1 X 1)2 

• 


» 


V « 


if = -2. 

1 + (1.1)? 


Show how to* do th^!s. step. . 


, - ' J 


F = 2 / . . 
1 + 1.21 

F = 2 = ..-SO " 
2.21 . 


£ 

. Questions. 




E- 100. ' 






1 + .0085 V 366/ 1 X .90., 


» 

• 




E = 10.0 '■' 

5» 




• 


1 + .0085 V" 407 






E = : ■ loo ' * • 

1 + .0085 X 20.2 ' ■ 






I! = -'JLOO . - - 

1 + .17 ^ V ■ , 




• 


E ;= 100 =• 85% 

.1.17 • . • ' 

SO - " . ■ ^ ; 
. 100 - 85 = 15% left ' - . ' 
15%, of 175 mg/1 = 26 mg/1 b6d 


One* extra pass reduced 
BOD from- 6§ mg/l to 26 mg/ 

r 

# * • 




« - . 




' ERIC : . ' 


. - * f 1^ ' .43' ^ \ ' . ' f 


♦ « 



Example 3: 

Recirculation ratio of 2:1 
(•same data), ^ 

F =' 1 + 2 ' - . 



'^1+^0.1x2- 
F = 3 



1 + .2 



F = 



1.2 



F = 2.5 • 

AND 

E = 100 ' " ■ \ 

1 + .0085 V 366/1 X 2.5 



E 100 
' 1 .+ -.^85 V 147 

E = 100 \ '__ 

1 + .0085 X 12.1 

E =' 100 • 



1 + .103 



E = 100 = 91% . 
1.103 ■ '■ ' 

BOl5\=^9% of 175 = 1^ mg/I 



Conblusionr . T 

Recirculation. % •"- mg/1 BOD 
Ratio " Removal in. Effluent 



0 

1:1 
2:1 



61' 
85- 
• 9ll 



68 
16- 



Questions 



Suiranarize and, ask 
Questions 



Materiail Balance Slide 



END 



Explain slide 



STUDENT HANDOUT 

Problem to.be Worked 

Given the following: ~ 

Flow'= 1,250,000 gpd • 

Filter di-ameter = 320 feet 

Depth- = 7 ft." . ■ ' 

BOD to filter =200 mg/1 ' ' ^ 

suspended solids *= 280 mg/1 

(to filter ^ ■ 
High rate filter * ' , " ' . 

FIND: ■ . ' , ' • ' 

■ r ■ . ■ ■: a " ' 

1) The solids removed as sludge^ (assuming* 
a 5% sludge & 95% water in gallons/day) 

2) The % removal for BOD5 ^ 

a. no recirculation 

b. 1:1 recirculatipn ratio 

c. 1:2 recirculation ratio 
d; 1:3 recirculation ratio 
e. 1:4 recirculation i;atio ~ 

3) What values would you expect for 
nitrate -levels and dissolve^ . 
oxygen levels? 



As*&dgn in class ^ have 
turheja in next periodl 



, Help . Trainee with 
problems on individual 
basis • . 



(answer) 


< 


Answers: 

• 




• 




• 




* 



Nitrate: high depends 
on plant influent 
20^50 mg/1 " , 

DO: near saturation' 
depends upon temperature 



V , 


* ■ • 

SUMMARY 


« 

r 




^ - ■ . 

Module Number 
113H22 \ . 


Module Title . 

. Intermediate Trickling t*ilters 










• 




Apx. Time 
Hours 11, 12, 
13 of 20 . 
3 Hours t 


Submodule Title 
« Materials and Design of Filters 


* 




Objectives: ' ^ 


^P^he Tr^^inee Will: ' • " 







' 1) List the trickling filter growth pattern and 
' ' trend to high rate filters 
2^ List the five key items in a Trickling Filter 
operation ^ / 

3) List a comparison of high and low rate filters 

4) List design guidelines for high and low rate 
trickling fil^j^ components 

5) Explain design"^ differences between low and 
high rate filters * - . 

6) ' Us'ing^ a Trickling Filter design nomograph - 

solve three typical trickling filter design- 
size problems * ' 

7) Discuss arid describe industrial applications 
^of Trit^ling Filter treatment 

8) List common design information . regarding 
biologiscal filters 



Instructor Aids: Overhead Projector,' Transparancies , "HandBook of 

« ' Trick3,ing Filter Design" by Public VJorks ''Publications * 
^ahdput (cost $1,60) from Public Works Publications, 
. ^ ^ ^ 200'-^^Sbuth Broad Street, Ridgewood, New Jersey 07451- 



0, 



Instructpr Approach:' Hour 1 - Either at home Obest) or ii> class, read 

the handout cover-to-cover^ - . - 

Hour 2 - Follov; outline, .Hour 3^- Probleitts 



ERIC 
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LESSON OUTLINE 
Hour 11 of 20 (1 Hour) 
Materiala^nd Dfesign of Filters 




Instructor Willj 



Assign and have trainees read 
"Handbook of Trickling Filter 
Design" by Public Works Publi- 
cations (26-page Handout:) ' 
Best if done at home before 
. class. / ' * * 



Instructor Key Points of 
Emphasis 



Encourage them to read, 
it And to re-read if 
required • * 



V 



END (Hours 11) 



J 



LESSON OUTLINE • " 
Materials And Design oi Filters 
Hours 12 & 13 of" 20 



Item 



ERIC 



Lecture - No audiovisuals 
Instructor Comment 



!• Ask ques.tion - ^ow'Man'y of You. Read 
Publicati'bns? - * . 

(some will not have read) 

2. Explain that you will nov7 review 
page by page. 

3. ^ ^ Begin by explaining who wrote this 

publication and where. To get more 
copies (bottom of page on. foreword) 
^ Cost $1.60 ' 



Foreword 



1. 
2. 

3^. 



Rapid Growth of Trickling Filter Use in U.S. 

Indicate .What the T;rickling Filter Floor 
Institute is all about. 

Indicafe most ^filter design t:6da:|^ is going 
to plastic media rather than rock. 



3- 
4. 



Wastewater treatment with trickling filters 
Page Z; 

Covers aerobic treatirfent (foQ^, bugs, air (Oxygen)- 
questions 

Filter needs;' 

(1) Pre-treatment of harsh wastes 

(2) Good distribution , of wastewater ^ . " 

(3) .Good filter media. 

'(4) Good underdrain • * 

(5) Good ventilation ^ ' - ? . , 

(Most problems in. these areas) ' ''^ 

Types of Filters - High, Low, "Super High" 

\ ^ * ^ . 

Loadings Reviewed, as well as depth (covered before) 
Organic vs Hydraulijfc 



5. 'Ask if- abbreviations understood 



6i Explain WPCF MOP 11 reference as cited 
• Who. WPCF is and types of manuals available 
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?• Review 30% removal by B sO^D.- 

8. Ask if terms (page 3^ "Single stage filter 

recirculation, primary clarifier, secondary / 
clarifier are understood. . 

X. Key Pointl ~ Must evalua\:e trickling filter 
\ and secondary clarifier together. . 



10. \ 



Other units of .'Expression ~ Questions? 



11,. Comparison of Filter Types - ' * . ' ^ 

Key\^Point .- Same design for coni%truction of 
low\and high rate filters Plastic' different 
construction - Review of effluent, quality - Ques^^ions? 
Key idtea design made to fit object*^.ves of treatment.* 

12.' Pre--treatment:* Summary (pagd-3) 

Primary c:|;arifier design: * • . . . . . 

- 2-hour detention time /explain dt if needed) 

(variation in • different states) * . 

Surface overflow r^tes and depth (vary with state) 
- , Help balance lsh_ock^hy^aulic, organic and 

toxic loads to. filter ^ • 
^ . Emphasize sewer ul^' ordinance aq Ijey to pre-treatment 

l^. Irrtermediate and Post-treatment • 

" Review - that they have limited use * 

14. Effect of Temperature , - 
Trickling filters work best in^warm climates ^ 

^ May be covered - v 

Cold weather - lose-B.O.D. Removal and ice ; 
^ Key Point - Provide bleed valves as listed - * ' . 

\ B.O.D. of effluent often is 20% greater in winter , ^ 
Design solution make filter* "''43%" larger * • 

Northern U.S. design 25% bigger than Southern U.S. ^ 
design . • * — , . , ^. 

Often 3 weeks required to get good film on Tricklirig 
Filters - If cold, leng^ir- — ^ ^ . 

15. ^Applicability (pa^e 4)^, - . ' . 
' Trickling Filters work on^weak or stong. domestic^ * 

or, industrial wastes. " . • - 
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Media, Drainage and Ventilation (jpage 5) ' * 

1. ' ^Five Essentials of Filter . ^/ 

(dX Basic f ilter'support- ' ^ 

(2) Underdrain blocks ' • ' 

(3) ' Retaining Vails 

(4) Media \ ^ 

I ' (5) Distribution system ' 

2. Filter Floor and' Center Channels: ^ • : 
Firm and uniform Base - Concrete on well^compacted 

earth - 4 to 6"'^thick light re-enforcement ^ 
*_^^oo2: slope, important Use normal fl6w chart^ ^or 
design (paraphrased) ' . / « 

S.'' ^Center channels - 8-inch pipe for standard rate 
^filter, high rate ;16 or 18-inch pipe. ' , 

Configuration of center cha/inels * ^ 
Extend center channel throufgh filter >^all into 
'cleanout box - Questions? 



/ Underdrain Blocks (page %y I 

1. Stress .iinportance of good, ventilation. 

2. ^ I^view types of^bXocks and who makes th-em, deraenions, etc* 

2 .'^.Who AS?*M-is and Specs, etc.) 

;4'. ..Review cbhtractdt /'Specs'^ laid in dry mortar bed 
filter floor b.efore stone is placed, composition 
'Gi mbtpr „° angles, . .©1;c^ - Questions? 

• „ •. ..f • ■ ■■ \ ■ 

^ S ^ LI 



* Review ASTM Specs C159 / 

jr. 



Filter Desi< 

1.. Depth 3 to '10 feet ^ (ptastic to 40" feet): 

2. Walls Jreinforced'cokerete^ -■ 8 to 12' inches* thick 
No walls is. a, -poor ^%3eal 



3T ,Media; ^ , ' . 

.Review Specs as listed' ^- ' , 

Clean^ashed r 2% inch commbnly used ' 
Uniform size - Expjlain Tahl^ 1 - ' ' • * 

Plastic discussed 7. Light High 'loading possible 
. Good, ventilation. , < 

. , Media placed on filter - technique very important ^- 
, belt conveyor - Questions? ' ' 

• - - ^ •- 1. ' 

■ ■- ■ • J 



— — ^ — . ■ • " — — 

' Distributors ; 

Review maniJifacturer list - Questions? * ' ' . 

Standard Specit ications- - Example - Questions? - • 
(Pages 9 ^& 10) 



-> — ' — 



Standard Rate Filters (Page 11) 

' ' - / 

1. Review loadings - B.O.b. < 600 pounds/acre foot \ 
Trend toward high rate • . 

- 3. Average depth 6 feet 
4. Loading^ not depth key to nitrification ' " 
•.5. Hydraulic, loadings - Average 1.8 mgd, but no 

"fixed standard"- ' . ' . " 

6. Ask Question ^ Page 11 - Can you work (3.5 acr|s of 
- filter required) ? • . . • , 

7. Organic load often governs hydraulic loading 

8. Media, underdrains-, distributors discussed before 

9. Rotary distributor (page 12) will operate with 

» minimum discharge 40% of maximum, will handle 

flows 2% times minimum - requires 2% to 4 feet of 
head 

10. Dosing tanks '(page .1*2) - dt - 2 minutes at 2 times 
the average rate- of: 'flow,' ^. 

•Drawdown 10 inches but <• 12 ■ inches . 

11. Pre-'treatment as discussed before • , ' 

12. Filter performance as before '"^X— 

13. Design efficiency (NRC Formula) - As worked before 
Questions?- 



A Nomographic Solution For Design (Page 13) " 
1. , ■ ' ■ . 

1. Purpose to reducQ&^time iji finding- size of Trickling 
Filter units (gives f^^^rough answers) • ' 

2. Also used for estimating b'.^OCD. removal. * 

3. To use you must know: , . .. • 

(1) % B.O-.D. removal .desired' . 

(2) Pounds of B.O.D./day applied 

(3) . Hydraulic load - mgd • ' . . ' 

4. Step 1 - Stei? 2 - Step TV- Step 4 - step 5' ' ^ 
Step 6 - Step 7 ) ' ^ 

Read sections and- do, us/ng nomograph 
r Taken fron\^ book and pla<5ed on blackboard 
Do it stepwise with an example - Questions? 
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Have students use nomograph to'solve^he three fol-lowing 
problems: ' , , *^ ^ 

Problem ir * , ^ ^ 

. 1 MGD flow, 192 mg/1 B.O.D, - want 55% removal 
Effluent = 82 mg/1 ^ ^ 

Problem 2 * ' ' . . 

' ' ' — * 

• * * . * 

70%'.rQmQval desired - Flow =^5 MGD 
B.O.D.^to filter 135 mg/1 / * • 

FindKihe diameter and dejpth of -standard rate filter 
Answer - 2Q0 ' - deep ' 

Problem 3" ; ^ * 

Find the optimiun removal (% B.O.D.) expected f rom • 
a* filter 167 feet in diameter, 7 ,fee't deep, recircu- 
lation ratio of 2:1 with 2 MGD flow and B.O.D. to 
filter of 102 mg/.l 
Answer 



Solution - ^^roblem 1 ' ^ ~ 

(Red Lines) , ^ • < • 

55% RemovaJ desired * 

1600 lbs. B.O.D./day applied 

a mgd^ B.0.D.5 ^^'^ ^5/^ * ' * . 

Step 1 -'Select correct' lat. (40^ & .45^) through ^ ^ 

RT - intersects at 5^200 pounds applied/acre-foot 

Step 2 - Connected 5,200 lbs. /acre foot to 1600 lbs. , 
B.O.D./day (Red line) - Noted intersection at 
point D 

'^^Step 3 - Followed parallel line point, D to point # 

Gave solution diameter = 50 feet/ approximately 
4 ie'et deep. * . ^- , 



Solution:^ - Problem 2 




Select cor/ect (Lats. 409 & 45° N) • ' 

70% removal g^Lves 2,000' gounds of B.O.D. applied per 
acre foot ' : . 

Flow = 5 mgd, mg/1 B.O.D. ^tcf filter =135 pounds 
B.O-D.^/day = 5630 - ' / 

Connected 2,000 on top to 5630 (estimated on scale) 
.On bottfom (just left of point C) 

Found point on Line PIB 

Approximately. 2 inches below RR-TT intersection . ^ 

Followed parallel line to -^T (approximately 1.3/4" up 
from RR-TT intersection) ^. - » ' _ ' 

ANISWER: Solutions - ^ ' ' ' 



Low Rate Filter Diameteir - 200 ft. 

Depth - 3% ft. 

/ . 



Solution - Problem'- 3 



Given: Filter diairreteit 167 feet/ depth 7 feet 
Recirculation rartio = 2:1- 
. ' Pounds applied to filter = 1700 

Pounds B /O.D.J. /day ^ - , • 

^^low ^ 2 MGD, B.O.p. tc>' filter ^ 102 mg/l 

To find th^^ %^B.O.D. removal^ (optimum) ' 

Follow gre^en* lines to Point 'A - Gives 85% 'removal 
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Design of High Rate Filters (Page 16) 

1. High Rate means . recirculation practiced. 

2. Review organic and hydraulic loadings. . ' ' ^" . 

3. Review types of high rate filters disctissedVith 
various recirculatio*n (Page 17) 



'. 4 



Define "single stage" -vs "two "stage" filters 
single stage = parallel, operation 
two stage •= series 



. 5 



Recircul,ati0n and performance ' * 

(Previous 'lesson') Brief "'review - Questions? 
C6ve^ B.O.D. removal curve CIO state standards) ' ■ 
' ' - ' " 4 • • 

6. Ci^q. references as listed (Pages 18 & 19) 

7. Clarifiers': Detention tinie - 2 hours 

Overflow|rates -. 650 to 800 gpd/fi?.2 • 
EPA- now requires scum ' removal! ' 

r 

8. Treatment results'- Cdvered before, but review these 
seven items - they are impo.rtant! 



Industrial Waste Applications Review Examples:; (Pages 20 

1. ^ Cannery wastes ,^ , 

2. Dairy wastes' 

3. Fermefitation wastes 

4. Distillery wastes '^ -^'^ 
5,. Yeast factory wastes^ ;j 
6. :^ Slaughterhouse ana meit packing 
7'. , Textile wastes ^ 



8.« Pharmaceutical .wastes 



) 



✓5 



I 



Phenolic wasjies 
10..' ; Pulp ahd paper 
il;» ' Metal finishing 

Ask ti?ainees where; industf^ial applications exist in the 
area near "^he cojirse location . - 

Stimulate discussion (5 02^ 10 miauteg) 
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"Design Considerations For Biological Filteirs" 
(Optional* - time'^may Td^ s*hort) ) 

1. .Review HRC formulae for single vs second stagjs filters* 

2. Review 6 items on page 22 arid 3" recirculation advantage^. 
. on page- 23 , . , ' 

3. ^Review charts (Pages 24 25) if, time -permits . 

4. Review conclusions- on page./26' - verjj importanti 
• 8- key ideas I 



Questions? \ \ 



r . :. ^ 



i ■ I 

'END . i 

(Hour 13 of 20) . . j 



SUMMARY 



Module No. 
113H22 



Module Title 

Intermediate Trickling* Filters 



Apx. Time 
1 hour 

Hour 14 of 20 



Submodule Title ' 

Abnprmal' Trickling Filte.lr Performance 



bbjectives: 



The Trainee will: 



jl) Recognize and list abno'rmal trickling 
filter performance 



Instructor Aids; 



Ovethead projector 
^Overhead transparancies 



Instructor Approach: *Ihst-ructqr will present overhead slides 

|arid ^lead discussipn. ^ * 



V . LESSON QOTLINE 
Hour 14 of 20 
Abnormal Trickling Filter Performance 



Overhead or Write 



'Key Instructor Point ' 



Abnormal Performance in:* 
1) Personnel 

'2) Grpunds, Maintenarice & Records 
3) ' Filter operations. 



1) Word slide - Read 



Personnel? 



1). Stimulate discussion 
of what, to lt)ok for 
in personnel area, 
(5 minutes) 



1 - 

Personnel observations 

" ' . - j 1 

1) Personal appearance 

2) . Attitude- and motivation 

3) Technical skill i' 

4) Certified? 



5) .Walking tour^ithi bperator 
talking \ 



1) 
2) 
3) 
4) 

5f 



Beards, clean, etc. 
« 

Do they 'Wan;t to do a 
good job^' 

Trained ^. qualified 

Legal ^aspects and 
personal value of?^ 
Discuss 

Listen and lek'rn 



Grounds* & Maintenance 
• Look For What . ,] 



1} Ask questions 
Lead .discussion 



Grounds, Maintenance and Records 

: i : h . ! 



I !• ^ Grobnds -^ell keptf' 

Flowers , grass , tirefes 
i ^ ^ I , 

2. Medi^ condition - Green - or 
other 

3, Buildings., painted, well~^it, 
> well-maintained ' ' ^ 

! 59 V , 



1) Good motivation 
Good housekeeping 

2) Indt»strial loads ^ 
Non-compliance with 

" sewer use ordinance 

3) Pride in operation' 



4. Records - both- operation and 
repprting are. proper' 



Laboratory procedures correct? 
Using stan(^ardized procedures 
for permit data and reproducible 
O&M testing procedures 



4) . Emphasize type 

records needed 
not 'being a "pencil 
chemist" ' • , * 

5) Stress difference 
in types and need 

for "Standard Methods' 

6) Discuss tralnete 
experience in these 
^areraS ^ 



Filter Operations Common Deficiencies 

1* Media problems - Anaerob|ic, 
^ Grease, Broken^ etc. ' ^ 
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Leaks around seals 

Improper distribution of sewage, 
flow not evenly split, clogged 
nozzles, splash plates incorrect 

Poor ?.0.D. removal . 
Poor Nitrogen (NO3) Production ' 
Poor Solids Removal ^ 
Poor D.O. .Level in Eff luent,"N^y? 



1)^ Discuss 



1) Review how to correct 

1) Discuss importance 

of proper distribution 



.1) Question word ^lide - 
2) ' Lead discussion- of 
one at a time 



Palter Septic ~ Poor D.O- 
JQlogged^ Vents . 
jTpxic V7ast;es 
iKill of vBiological Forms 



1) Discuss each 



]Ppor Soi^ids Removal 
S^asona], Va?;iatipn 
Grease 'Problem's 
^Poor Secondary Settling 



1) Discuss - Have 

t^ey seen examples 
o^f each? 



Poor Nitrogen "Oxidatioh 

.|Low' 0S^ygen ^Supplied 
"B.O.D./^yp ratio off 
]EJvydraulic ^oadirig and/or organic 
ioadii^g incorrect 



JLi- 



1 y } / 



1) Word Slid^ 
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Poor'B.O.D. Removal 
rtAll of the above ' 
^ow Oxygen 
Industrial Lgads 
B.O.D./N/P^ off 
Media problems 
Distribution problems 
Final B.O.D^ 25 to 50 mg/1 



11 
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Common Problems 

Ponding ) • 

Odors 

Filter Flies 
Snails 

Uneven Distribution 
Industrial Shock Loads 
Heavy Sloughiffg of Growth 



Proce^ss CoDtrpl Testing 
B.O.D. daily 
Suspended Solids daily 
Dissolved O^yggn daiiy 
Option: ,C/O.D. , 
Nrtrates/Nitrite^/NH3 dai 



'13 Other "Useful Tests 
Temperature 
Flow J 
Odt>rs (Sulfides)/ 
) t I Media Infepectioni 

Snails and other^-growth 
Organic/Hydraulic Loads 

\ 



'14 . . What Have ^ou Seenj 
Problems?' ' 



7 V 

15 Questions? 



SUMMARY 



■k 



Objectives: 



Module No. 
113H22 




-t— : r 

Module; Title 
.Intermediate -Trickling Filters 


V 


Apx. Time 
6 Hours 
(15^ 16, 17, 




Submodule Title ' / 

Field Work and Visit to a Trickling Filter 
System . - 


IB, 19, 20 of 


26t ■■ 


• • 



The Tiralbnee will: 



1) Demonstrate tb^ ability to organize a field * 
, visit to a ^^Trickling Filter Plant when given: 

(1) the xdant plans (-as built) 

(2) y>< O & « Manual 

(3) /CX>pies of the NPDES monthly report 
(4^ copies of the 0. & M monthly log • 

2) . Calculate the organic loading,, hydraulic 

loading, the j:^irculation i^tiO/ ,the efficiency 
obtainQ^ and the theoretical efficiency of the- 
plant. W ^ i 

3) Recognize and list normal .and abnormal ^ 
behavior in the Trickling Filter Plapt visited ^ 



I Insjfructor Aids: 



ii. 

1 



-I 



1) An intimate knowledge of the high-rate 
) Trickling Filter Plant to be visited 

2) . Copies, (2 at least) pf hhe plant plans ^ 
\ {as built drawings-) f to be visited. 

3) I 2 cbpies of the plant '0 & M t^nual 

, 4)1 one copy for each trainee of the 0 & M 

~ I daily^ log* for the preceeding month and the 

j last NPDE& monitoring report ^ 



0 

ERIC 
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instructor Approach: 1) Instructor should visit the ptant 

(a high rate Trickling Filter Plant wit^h 
recirculation and feither parallel or seA^s 
^ . ^ filter .operation long before -classwork 

Should know plant, pejSsonnel, financial > 
constraints, performance, equipment, 
- , ' Copie's of the trainee materials tested 

above miist. be obtained long be^fore class use 



2) 



Make arrangements for visit/ transportation 
tour^^nd trainee - assignment before visit. 



^) Lecture/discussion before alid after tour 
(4 hours) -^of^;X hour each - ftotal 6 hours 



(could be longer) 



* LfiSSOS*' OUTLINE . 
End 20 of 20 (6 Hours) < 
Fieid Visit To A'Trickiing Filter E.lant ^ 



Instructor Behavior: . 



Before ^arti-ng- this s'ection the trainees shbuld hav^ 
several aays to review the materials for the plant to 
be visited. 



Hour 1 - Day of Field Tri^p ^ ^ ^ ^./^ 

Review objectives of thel 6 hours 

Review plant data - Answer questions I- 
Review expected form to be turned in to"" instructor 
Review detailes * of days traveled,, when'/ wh^re, ^ 

behavior expected, etq^^ ' ' ^ ^ - ^ 

Waiver of liability for each tra'inee (if r^quir^d) 
Board Transportation (larger group bus preferred) . \ 



'Outside plant gate -js/C^'g bus detail topography, 
' ^general plant apprearance, etc.^- short discussion 

'Park ^bus out of tip way 

Keep group* togeth^ 
Mntroduca to tour person or opeirator* 

•Tour plant (encourage questions)' 

Emphasize organic loading ' \ 



% removal 
Hydraulic loading 

Si-ze -of filters . r | ; • 

Sizey' condition of second^fCY clafifiers 



Assemble groujr in quiet plac^e with plant superintendent 

or ^ operator -^{allow time *fo^ questions) 
Let , students "look around'* for approximately 30 rointites 

to help get . information fpr form to be completed 
Thank Superintendent and operators for^isit encourage 

trainees to thank them also . ' ' . ^ «\ 
R^-bo^rd bus - Do head count (time apx. noon)- 



Take 'group to restaurant (or back to classroom) 

with a meeting room (pre-arranged) 
Over lunch ^ de-brief students about plant 
A good technique is'to sketch out on acetate* film 

on overhead 9r use blackboard or carry your, own 

flip-chart and felt tip marker 



Go through student form - item by item - 
Stimulate student observations and Comment 
Check calculations required ,4 
Summarize Module 
Questions? 
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INTERMEDIATE TRICKLING FILTER FIELD TRIP 



Students Complete 
Name 



c class 



Date 



Plant Background Information 



Name of Town 
Popula€ion ^ 



State 



Design Flow ~ 
^ Type of Collection System 
Infiltration/InflW 



Date plant constructed 

Major industries 

Actual F.low 



Unusual flow 6r ±cxx^s x>r shock loads 
Collection system problems 
Plant gptinds and 
Buildings and, " - 

Personnel ' ) , ^ 



Describe E^re-treatment- (used: 



Describe p37im^ary trea 



tmlent units: 




Type of O^irckling Filt 

Depth 

Diameter % . . \ Tyjc^e' of^^medi 
.Number of 'units _ 
Mode of ojieration 
Recirculatiion volume puinped 
^ Recirculation ratio j"^ , 
yolume of filter y^- 
Hydraulic ^loading' 
Organic loading 



'I 



B.O.D. inl^o: Filter #1 
Filter -#2 
B.O.D. out:\- Filter #1 
^ Filter #2 



% Removal ](B.O.D. )' 



#1 
#2 



Intermediate Traickling Filter Field Trip 
Students Complete . * 
Page 2 - . * 



* — Actual vo^i^Jpe of sludge pumped 
^ Calculated volume of* sludge 



gpd 

gp^ . 



Theoretical nomograph % removal expected: 
% Why different? ^ ^ 



% solids 



V 



6. Trickling Filter effluent quality: 



a.O.D. ; . 

Suspehded Solids 



D.O.. 

NH3 

Grease Level ^ 



NO- 



NO- 



7. Plant problems and abnormal performance obsjerved: 



y 



Item Observed 



Reason Eor Problfem: 



■4 ' 



er|c 



I would 
Problem 



solve the 
by: 




Name 



Examination Questions 
Intermecfiate Trickling Filters 
Module 113H22 l20iHours) ' • 

Date 



1. , Three classes of ttickling j^lters are 



J 



2. 
3. 



2. 



4- 



loading and 



loading are' terms used to classify trickling filters. 



3. Three dndias trial. uses of trickling filter applicatttJjM^-arej 



1. 

2. 
3. 



\ 




4. Normal depth for a rock trickling filter woulxfl be 



and would depend upon the filtep 



5. 



6. , 



A normal % B0D5 removal expected for k we 11 -die signed and op^ra'ting | 

- ^ . ' • ."^ ^ • • • ]■ 

trickling filter would be . !_*• ' 

' . - ? > ■ j ~ ' '■ . 0 i 

A trickling, filter, will normally give better removals 6^ B'OUs. in | 

I I ' ■ r • ■ ■ ■ ^ 

i the winter on 'in "the sximmer? 



is a teirln related to loss of filter' 



\ grt^wpx^r ^ slimfe/ in a ' trickling^ 
8, ^ "We-iting Ratg^j is 'an r important consideration in 
. trickling- filters 

^ A "shock"' loadl on a trickling f ilter\is a 




10,.; gal/min/f t c^d million/gal/day acre are units Qf-_. 
o . Idadin'g on a. "trickling- filter. 
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r 



.11. ' Calcu]?^te t^ie niunber of acyes'on a surface 500 ft, long andSoo 
ft.^ide, ^ (show -work), . 



acres 



* 12. One: million gallons of wastewater flowed €o a filter 209 ft; long' 
,and 209 ft. wide' i» one day. What'' is the loading in gpd/ft^? 
(show work) ^ 



\ • . • ■.. . . • 

13. Find the loading in mgd/acxe for trickling filter that re'ceivy^s 

5, poo, 000 gal. each 24 hours and has 200 ft, diameter, (show wcrk)**' 



mgd/acre 



foot-^^nd' lbs, B(5D/day/1000 ' cu, ft, of media 

are examples ^f loadings. ' ' 

15,, Find the loading on a filter that receives 4^504 pottnds of BODc/day 
and is ip^ft. square and. 10 ft. deep. ' ' * . 



i. 



er|c 
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16. If the influent to, a filter is 180 mg/l and a flow of 3 MGD, 
bow many pounds of BOD5 are receivied each day on the filter? 



17, IB, 19. If the Slow to a tr.ickling filter is 3*MGD with a diameter 
of 236 feet and 10,- ft. deep, find the pounds of BODs/day/acre ft. 



What type of filter is it? 
Why? ' 



20. The greater the 



21; 



greater the recirculation. 



to a filter the , 



rate filters use recirculation. 



3 

^22. If an influent wastewater flow is 10 MGD and the recirculation V^, 
ratio is 2 to % what is the total wastewater flow to^the filtejt? 
(show work) \' , - . , • , 



23. .If 
day 




you treated 7 MGD of wastewater containing 19,500 lbs. BOD5 leach 
what would be the BOD5 conctenttation in mg/l? (show work; 



_mg/l BOD5 



24* Normal removal cfBODcjin a.primai^ plant before reaching the 

trickling filter would be \ % and apx.-^^^; _% 

for the 9uspe*nded ^olids• ' [ ^ ' nT ' 



■J 
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25. Explain the relationship between BObr, BODuitimate' ''a^*? COD in . 
25 words or less. <3 





; 


7 

5 

t ' ^ - 




• - /■ 








■ ■ 'f 








J ... X 




t 


... 













26. How many gallons of "sludge (5% golids) would you expect; for "ADO 

. pounds of 'trickling f ilter-humiis? f ^ " , . . • 

• ' » - 

. V ^ ■ — g al. j ' . , ■ 1^ 



27. ' Oxidation >of nitrogen ^proceeds' from amnonia to 

t° ^ ^ - • , 

28, 29, 30. Giyen the formula: 



E = 100 

, 1 + .0085 vOTTVF" 



Find the % removal for a fl:ow of '250,000 gpd, 

Trickling filmier diameter is 96 ft. 

Depth ^ -6 ft. (acre feet ^ 1) 

BOD to filter =? 175 mg/1 

(Lbs. BODg = 366/day 

{Recirculation =*«0) 



Page ^ ' ' n ^ 

* ** ' 

3-B.-^32. Assiuning a recirculation ratio of 3:1^ in the above problem, 
V what would be the % removal of BOD? 



33. 


A trickling filter must be evaluated in conjunction with a 






^ " / since these units function 




as a 


single unit. » 


34 


List 
cold 


two problems with 0 & M of* a trickling filter in extremely 
climates: 




'l. 


* • 




2. 


- ■ » : , 


35. 


List 


f 

the live component p^rts*of a trickling* filter. 




1. 


•• • ^ ' ■ • . . ' \ ' 


s' 


2. 


^ ^ ; z \ ' * 

* ' * < 

, ^ * . 




3. 






4. 




ft 


5. 





36. Where yould you f ind *d^igri specifications on materials used in, 
coristructiri^ .a. j:irickling^"'filter?.. ' " " ' 



\ 



37, ,3'8, 39^ Using the nomograph as published by "JPublic Works Publications" 
. size a irickPling filler .fJ^ant design for. I'MGD, 192 mg/1 BODc/,* 
wanlring A 55^^ rembval. - ' ' * ' - ' 



40. List t^iree examples Of "abnoonrtal trickling filter performance. 

,^ — ^^^^ — ' ■ 



Page (p 



41. List items used to evaluate personnel utilized in a trickling 
filter plant: 



1. 
3. 



42. List three items to. be. evaluate with grounds, maintenance,, and 
records in a trickling filter plant. 



1. 
2. 



^ — ^ — ^ 



•3. - \ 

. : ^ ■ - 1 

43. List three sources of odors in a trickling filter ^la^t operation. 
1. ' - 



2. 
3. 



44. The use of masking agents* is not a recommended procedure at a 
trickling filter plant. True False • • 

45. 'List three important process control laboratory tests for trickling 

filter 6peratio"ns: . ' ■ 



1. 
2. 

3.' 



46. Th^ te:rm "as built drawing" means: 



1 



47.. List two pretreatment problems ^hat interfere with good trickling 
' filter performance. . ' . 



49^ 50. Discuss how you would organize a field inspection visit 

to a treatment plant. (Whcr would you call? Why^ What records 

would you look at? . Why? \^at would 'you evaluate? Vfhy?) 50 words 

■ \ 











f — , 

>. - 

; . . ^ 














' u ■ ■■ ■ ■ 1 - - 

^ 9 



^^i. ^Write^a Wbrd 'relationship for 'aerobic sewage treatment, 
^)iScplaining what happens when, the system .goes septic, (50 
words or less) - * 
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57, 58, 59. Why is Establishment and enforcement of a sewer use f ' 

•ordinance important in good trickling filter perfonnance? 
(50 words or less) 




60. List two things, that -a well maintained tricfc±±ng filter plant, with 
flowers-, etc. would indicate to you^ • ^ 



1. 



Does it mean 'the effluent is meeting NPDES requirements? ^ 



Yes^ 
Why 



No 



ERIC 
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•0. 



\ 

. \ 



TRICKLING^ 



FILTER 



DOES NOT 



"FILTER" 
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• * 


J' 
















■ P 

^ - . <' 


• 

SLIDE 


^ ■ \ ^ .i ■ ■• 

2 \ - _ ;/ . 




• 

ft 


; . " FOOD. ( SEWAGE) 




• 


A- 






it 




• • 








OXYGEN (AIR) 




* 




/ ^^V' ^UGS (GROWTH' ON MEDIA ) 






\ 


i 










- 


a * 
* - • 

* 




r 

* I 

X ' * - 

t 












• 


> - * 


\ , 

) J ' 




J • 


f * 






' c 

% 

J 




• 

* -1. , • ♦ 


• 

y 
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• BOD/N/P 
■ 100/2/1 



> 
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SLIDE ^■ 



.TRICKLING. 



* FILTER-' 



< ^ 



OPTIMUM 



I 



CONDITIONS 



\ 



ERIC 



' 79 



Z 
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SLIDES- 

TRICKLING FILTER TYPES BY APPLICATION RATES: 
.1) "ROUGHING" filter'-.. 

2) LOW RATE 

3) HIGH .RATE 

'"SUPER" HIGH RATE " ' 




ERIC 



SO 



S L I .D E .6 

ROUGH FILTER; 
ROCK OR PLASTIC MEDIA ' • 
UP T0 .20 FEET- DEEP 

USED TO PRETREAT HIGH' BOD WASTES 

HYDRAULIC LOADING:. . . 
60 TO 180 mgd/acre - .OR 

1400 TO 420?' 6PD/FT.2 

ORGANIC LOADING: _ 
Moo lb/BOD/day/1000 eu. ft. 

« 

i 

MAY OR.MAY NOT; HAVE RECIRCULATION 




S L J D- E 7 
EXAMP^ite OF ROUGHING. FILTER USES; 

1) BREWERIES ^ l^. 



2)- FOOD. PROCESSING WASTES ^ 



3) .POULTRY. EVICERATION. SLAUGHTERING WASTES- 



4) .MILl^CHEESE & WHEY. PROCESSES 



5) TOXIC WASTE HANDLING (PHENOLS). 




ERJC , 
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SLIDE 8. 

^ ■ ,•«- , - ' 

riQRMAL "ROUGHING FILTER PERFORMANCE" 



WHAT IS EXPECTED???? 



,1 



0: 

-4 



ERIC ... ^ . * • ^'^^ 
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EXPECTED PERFORTIANCE: ' " ' ] ' * ' ' ' 

J) Low %' REMOVAL OF BOD. (^0 to- 65)' BUT ) I 

VERY HIGH TOTAL REMOVAL . ^ • 



"I 



. 2) LOW NITRATE LEVELS SOME NITRiTE -AND AMMONIA Off ' 
A AMMONIUM ION PRESENT ' ' ' , , \ ^ 

3) SOME ODORS (DIFFICULT TO KEEP AEROBIC) FEW FLIES 



^) SLQU6HING - USUALLY. CONTINUOUS . • • 

■ • 'i ■ 

4 ' 



t 



* 

0^ 



S L I D' E 11 J 

LOW RATE fIwERS: ' . • . ' 
(SAME AS "STANDARD" RATE*) 

USUALLY ROCKlMEniA ■ . ' 

6 TO t FEET DEEP ' . 

USED m DOMESTIC '^SEWAGE TREATlU^jT 



'^HYD'RAULIC LOADING: ' - " 
1 TO- ^* mgd/acre or 
. 25>TO 90 gpd/sq. FT. W 



organic^ LOADING: 
200 TO 1000 lbV bop/day/acre ft. OR 
5 TO 25 iiB BOD/Day/1000 cu.* ft. 



(J^ALLX^DOES NOT HAVE RECIf^LATLON . 



USUALLY HAS- -DOSING TANKS OR SIPHON 



mPECm PER^MANCE: . " * 

1) HIGH BOD REMOVAj. 85-90%" ^ ' 

m ^ASONAL VARIATION IN PERFORMANCE 

... - ' . ' . . • . 

v3). HIGH NITRATE (NO3) LEVELS. - LOW NITRITE AND 

AMMONIA 



^) -SOME ODDR^ ...SOME FILTER FLIES 
r ■ J. ^ 

5) ■ SLOUGHING.. - INTERMEDIATE AND SEASONAL. IN NATURE 



• * 








S L I D £ 1^1 



.WHERE ARE STANDARD OR LOW^ RATE TRICKLING FILTER 



PLANTS LOCATED NE7\R. HERE? 



) 



1 i 



■ > 



1 




0 

ERJC 



89^ 



S L I .D E :1'5 ' \ 

'HIGH RATE TRICI^n^G FILTERS: " . 

USUALLY ROClTii^A' ■ \ ' ' ^ 

3 TO 8 FEET DEEP * 
' ■ ^ •■■ ' 

•USED IN DOMESTIC AND INDUSTRIAL WASTE TREATMENT 




wdraul;c loadin 

5 TO .^0 mgd/acre 

100 TO 900.GPD/FT.2 J^ 



•TV 



ORGANIC LOADING; 

iOOO TO 1300 LB../BOD/DAY/ACRE FT. OR 

25 TO 3do lb.BOD/day/1000 ft ,''3 ' * 



ALMOST ALWAYS HAS RECIRCULATION ^ 

t 

m 

• NO DOSING TANKS . . !/ 
REQUIRES PUMPING AND ELECTRICAL COSTS." ' 



• y * 



/ a* 



90 



S L I D E 17 ' 
EXPECTED. PERFORMANCE J 



1) good™ REDUCJIQtl 85-90% 



2) SEASofiAL Variations not as grb\t as low RATit, 

- BUT STILL EX^IST . . ' 

3) GOOD NITRIFICAT40N. HOWEVER/. .SOME NITRITE AND 
.AMM'ONIA PRESENT . 



FEW ODpRS-iA^pVFEW FLIES. BUT. DEPENDS UPON ^ ' • ,1 
OPERATIONAL CONTROL - v " ' ' \ , 

5).: SL-OUGHING - CONTINUOUS - SEASONAL VARIAtlON ' . 




• i 



I 

. S L I-^D E 18 



WHERE ARE> HIGH RATE" TRICKLINQ^FILTER 



PLANTS LOCATED? 



V 



/ 



-1 • ♦ 
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■ S L I D'E 19 
SUPER HIGH RATE TRICKLING FILTERS-: 
-USUAI^Y; PLASTIC MEDIA " 



UP TP 40 FEET 



^ ' ' USED IN MANY' DOMESTIC" AND INDUSTRIAL APPLICATIONS 
. . 'hydraulic LOADING: * 



IS -TO 90 mgd/acre 
350 TO 1000 gpd/ft.2 

ORGANlt L^)ADING: 
300 LB . BOD/day/1000 ft.^ 

USUALtY-HAS RECIRCULAflON 
NO 3)0S,ING' TANKS. • 



A 



RE^'tl I RES PUMPING AND ELECTRICAL COSTS 
FORCED yEN]aLAfl.0N4)FTEN used" 
WEHING 'RATf OF •'0.6 :gal/min./ft.2' 



iMPORTANT- JN MANY PLANTS ' 



r 



SLIDE 20» 
NORMAL PERFORMANCE OF "SUPER ^lilIGH RATE FILTERS", 



WHAT IS EXPECTED? 



h ■ ^ ■ . ■ ■ . - i ■ ■ VI 



r 



J 



■i 
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•EXeECTED PEREORMANCE FOR "S^PER HIGH RATE" FILTtRS. 



1) GOGD B0D REMOVAL 65-90%'4- DEPENDS Um LOADING 



2) SOME SEASONAL variation; • - ' ' 

3) ^TERMEDIATE TO EXCELLENT NI..TRIf.ICA?ION' - 



DEPENDS ON LOADING- ; 
10 FEW ODORS. FEW FLIES 




5) .SLOUGHING CONTltaOUS^ (SdASONAL) 'r 



6) MEDIA BREAKip<AND Cj-QGI^ING- LESS COM*N im^ 
ROCK MEDIA, •' • ° ^ f'.' -- . 1" "'; ;t 

7) . TOpS (^0 Ft.).pFTEN WSED;- FILTER VENT.iLATldN 
.'• CAN'^'BE^A PROBLEM - IF SeI^TIC A.vPKQBM^^- ■ J 



5 



^ r 
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' WHERE ARE " SUPER HIGHlt/\T£. FILTERS LOCATED? 




V . • S L I D e 23 ■ ^ _ ; 

WHAT AR^ the four, basic TYPES OF TRICKLING 



FILTERS? 



i 
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S.L IDE 2i\ 



1) ^ "ROUGHING FILTER" " 

2) LOW RATE-OR STANDARD/FILIER 
J. ■ ■ ^ ^ ■ 

3) HIGH mE FILTER ^ 

4) ■ "SUPER HIGH RATE" FILTER- ' 



r 



\ ~ 



\ 



• 9 V 
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HOW DO WE, CLASSIFY FILTERS? 


(> 

1 


f 






{ 


* • 

• \ ' ^ ' 

■ ■ • . ■•• • < . 

it 






* 


N 

w 




0 


^ 




*■ - ♦ 

^ . • • • V • 


/ * 


\ 


^ • • • 0 

^- . 






t * 
* ■ * ' . r I 

•t • I 

, »' 
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% 
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• 




' "'RI&HT.' 

• * * . » ^. 

« • ^ ■ 4 






ROCK OR PLASTIC MEDIA 




( 2)' 


/V • ' * 
: DEPTH ; \ ^ ■ ' ^ , " ^ 








• 1 


3)" 


USES ' . • • ■ • - : ... 




' 4)'* 


■ HYDRAULIC LOADING ' • ^ ' , . 


0 

f 




■ ■ '.•.(- • . • ' ■ 
ORGANIC LOADING- ' ' 


4 

V 


6) 


RECIRCULATION ' " ■ - ' " " ' ' >'• ■ 




7) 


ourrur\i oioiuto rUriro/ rUKLLU VtlNllLMIlUIx^ tILi .-^ 




8) 


EXPECTED PERFORMANCE 


^ : ■ 


; • 

- 


* • • 


• 
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•Q,13 E S T I 0 N S-? ? 



J"- 



'4 , 



r 



ft * 



E N D 
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. ■ SLIDE,!.. ^ . -.^ • 

. , • - /• ' -. / • Hydraulic Loading 

' ^ , J ; m/ACRE • : . • 6PD/FT.2 

~ ^ — :— ■ — 7^ 

LOW RATE ^ : ° . 1 jo '^.' / - • 25 TO 90 C 

High\Rate ' .STodO" • . .100 JO" 900 ? 

SUPER "HIGH RATE 1-5' TO 90. • 350 TO 1000-' 



ft 



\ 
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< 



OVERHEAD # 1* • : 



\ — — ^-J 

\J\Type af filter ' 

• ) 

♦ V 


. Orgartj.c Loading*units 
■ i • ' ^ ■ 


Lb5.B0D/day/acre ft. • pounds BOD/day/lOOOpu.ft. 


< 

^ Low Rate 
High^ate 

♦ 

Super High Rate 


'\-. 

200-.1000. ' • • 

f > , . 
1000-1300 

» 


5-25 
. . 25-300 

* N 

up* to ^00 , ' 



MOP 11-WPCF Guidelines <197i7) 



r ' 




V 



« 9 * 
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SLIDE 2 



RECJRCULATION:' 



^) USED FOR' HIGH OR SUPER HIGH FILTERS 



2) IMPROVES HYDRAULIC AND. ORGANIC LO/ 
(if needed) * , ' ' ■ • . . ' 



V 



; 5) IMPROVES EFFICIENCY 



I ■ 
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.S".LrDE'3 
TYPICAl BOD,REM0,VAL:. • 
PrimarV^35% 

Influent 20^} mg/l~BOD* - 

(.17 -lbs/cap I ta/day and 100 gpdc) 

WHj\T I5.-N0RMAL BOD TO FILT£R? 
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S L I :D E '5 



HIGffER THE BOD - GREATER THE RECIRCULATION ," 



\ ■ 



/ERIC:. 
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• • S L I D E 6 . ; ' • 

* • ^ 


> • 

• * 


, ' recirculatIn 


RAT& FOR^XIFIUM BOD 0F*SETtLED WASTEWATER . 

" • . ■ " • • • " \ 






■ , ; ■ \ — 


t 




'■ • ' ■ . " * . . 




. BOD/mg/l 


* 1/Recirculation Ratio » . 
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m 


'2:1 


• 


220 

♦ - 


f 1. • 

■ V " -3 : 1 • ' ■ ^ * . . 


* 0 ^ 


, "^^260 


1 * 






♦ 


• • 


> 


• 

• f ^ ^ 




5^' ... ^ 


^ « 

* - * 
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t -_ . ' . ^ 
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RECIRCULATION RATIO DEFINED AS TOTAL NUMBER" OF TIMES 'WA'sTEWATER 

g 

\ . ♦ 

RETURNED. PLUS 1 

HGD FLOW RECIRCUUTION^TIO . -MGD TOTAL HYDRAULIC LOAD 

TO FILT€R * ■ " 



5 
5 
5 
5 

. 5' 



RECIRCUUTION^TIO 



3 J 'l 
4': 1' 



5 : 1 



■•(1 + 1) X 5 = 10 
2) X 5 = 15 

(1 + 3) X 5 ■= 20 
-^(1 + ^)\.5 = 25 

(1 + 5) X 5 = 30 



\ 



' S L I D E. 7, 




yS L-I D E. ,8 . 
•/-J.: • * QUESTIONS? - ■ \ 
WHAT HYDRAULIC LOADING WOULD A 3 f4GD FLOW 
WITH A ^ TO.l RECI'RGUUTJ0N;RAXI0 JE? 



r 



..#'.1. 



.6- 
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\s L 4' D E • 9 ' ' 

> 'right. • ' \ 



\ 



J 



l ; ^ 15 MGD *K- 



/ 



• Flow '= 3 MGD -X (i + A") 
' • ' F4.0W ' ='3 'MGD X 5 =' 15-MGD 



-9". 



r 



'.113 ." V' • 

ERjc ■ . : ■ ■, ■ . •. ■ , • . ■■ . ■ ..• ?■ - 



vvERXC; 



* " SLIDE iO 

WHAT BOD RANGE WOULD YOU EXPECT THE 

• ♦ * * 

TRICKLING FILTER TNFLUENr TO" BE?- 



\ 



X 
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S L I ITE 11 



RIGHT. 



Apx. 260 mg/l • 
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'A 
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• SLI-DE i ^ 
AEROBIC TREATMENT NEEkV 



■I 



V ■ 



FOOD ( , SEWAGE) 
'oxygen (AIR) 



-BU6S- ( BACTERIA + OTHERS). 
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41 A. « 



^ .* SLIDE 1 



AEROBIC" TREATMENT 
■ NEEnS ' . ^ 

FOOD ( SEWAGE )' 
OXYGEN C'AIR.) . 



•BUGS ( BACTERIA + OTHERS) 



/ 



ERIC 
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? ( 



• "SODE. 3 . ■ . 
TR'lCKLlN? FILTER PERFORMANCE MEASURED BY-: 



1) , SOLIDS T--SUSPENDED f^; SETTLEA^LE; 



2)' BOD/eOD REDUCTION " ; • ' , '-' : 
5) SOLIDS PRODUCED (HUMUS) 

' nitrogen OXIDIZED ' \ :.'[■' 
5) recirculation RAfio - HYD'RAULlC &, ORGANIC LOADS 



6) OXYGEN - NEAR SATURATION 

1) NO ABNORMAL PROBL£ias' Copoks. snails, .ponding., eto.) ' 



■V: 
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* • : SLIDE - ,H 
SEWAGE TREATMENT PLANT 



gEClRULATION (hIQH RATeI 



PRETRCATEO RAW SEWA€E 
FROM COLLECTION SYSTEM 



PRIMARY 



BAR . • •GR>T 
SCREEN' CNAMIER 



primarV 'treatment 



UmKLm FILTER 

DISTR IBUTOR 

u u u i nrd 



-TZPRIMARYTI^t 
— - »LJU0«E — - 





i- 

.SECONOARY e»€elN«TX»! 
SETTLING r^^j™* 




'•. /SECONDARY 
i"SLU66E ^/ 



TO OISESTER 
HUMU3toR HEAD OF. PLAWTJ 



TRICKUNO FILTER HtiMyS 




$FFUlyEN3> 



''3'ECONOARr ' 
TREATMENT 



SLUDGE 
0J6ESTI0N 



rijf 



n lj SLUDQE-ORyiwa bed or OThiER PI9P0SAL 



120 



>1 



SLIDE 5 



'3 ^ 



. SOLIDS TO FILTER' 

Suspended . 
Solids^ 



^ETTLEABLe/"'-' 



\35 



Solids 



A5% OF 



TP ~~ J 
Trace / ' . 

• (Imhofj Cone) ^' 
11 



^NT. Influent 

TYPICAL PUNT - s\jSP^DfD SOI-fDS m of 300 mg/l 

120 m/\ (no'n-settleable^ colloidal) 
OR 

' For 1 MGD flow: 

LBS. SS/dAV = 8.3^ X 1 MGD X ,120 MG/l 

^Bs. s;s/day' = 1000 LBS. /day ' 

(converted TO^HUMOS) i ' ' ' 

JIORMAL PERFORmNCEr 
LOW SETTLEABLE SOLIDS AND LOW SUSPENDED SOLIDS IN EFFLiiENT 



r 
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SLIDE-: 6- 



'Primary Removal 35-^0% 
-4"RrcK)-iN.G Filter. Infli 



!ENT 65% OF ^0^' mg/l =7 132 "mg/u 



-\ - 



For 1 M6D FLOW: 

LES.BOD5/DAY = 8.3^1. x.*/mgXx 132 mg/l 
LBS.BO.D5/DAY = 1100 lbs./day\ 



Total BOD removed apx, 80-90% o\^>lant iwluent. 
If influent, is 20^1 ppm,.85% removal leaves 15%.- 
15% OF 20^" mg/l = 30 MG/b r ' 

Normal BOD^ expected 25-50 mg/l 

AND ' ■ ■ ' . 



BOD 



ULT 



1.6 



.B0DuLT>^''C0D 
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SLIDE --k K . ' 
SOLIDS PRODUCED CHUMUS) FROM OXlkllOlgF DISSOLVED AND MON^ 
SEHLEABLE SUSPENDED 'sOLtDS. ' ,• ^ 
SIMPLE CALCULATION: 

• PART 1 ' " . ' * *•..-..■ • 
Suspended Solids: ' , * * 
PLANT INFLUENT 300 mg/l . " . ' : ' ' 
'PRIMARY EFFLUENT IOS-mg/l (to filter) • " ' . . 

PRIMARY EFFLUENT 30^g/l (from filter) ( 90% removal) . 

FILTEfji REMOVAL: ' ' . ^ 

'105 mg/l - 30 = 75 mg/l ° .u • 

^lbs.ss/day = 75 mg/l x 8.3^1 x I^mgd 

lbs.ss/day = 626 lbs/day (sludge) . ; 




ERIC 
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* , SLIDE 8- ■ • 

PART j);2; » ' — — \ ' - 
BOD OXIDATION: . . • 

BOD INTO PLANT 20'^* . • ' 

PRIMARY EFFLUENT 132 mg/l (to FiLfER) 
LEAVING PLANT 30 m/L 
BOD REMOVED ON FILTER: 

132 -.30 = 102 MG/L - * 

1 LB. OF BOD PRODUCES 0.77 LBS, OF SLUDGE. 
LBS .bod/day REMOVED = 8.3^1' X 1 MGD X. 102 MG/L 
LBS. BOD5/DAY = 851 LBS. /day 
1 lb', bod GIVES 0.-77 LBS. SLUDGE 

SO ■ _ . • 

851 X .77 = 655 lbs. sludge/day ' 

^ — '-' ^ — - - ^ _ . ' 
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SLIDE. 9. 

SLUDGE FROfii SUSPENDED SOLIDS, = 626. lbs/day 

4 



■ SLUDGE FROM BOD 



= 655 LBS /day 



TOTAL 



12B1 lbs/day 



(Di?Y.-SLUDBE BASED ON 20^ MG/L BDD AND 300 MG/L SUSPENDED- SOLips) • 



V 



J • 
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1^ •. 

- #0 



SLIBE 10 



• SLUDGE vol IIMF 



L3S. (dry) x_IQQ_ lbs/wet 

% SLUDGE 



SO 



1281 LBS. (dry) X 100- = 25-620 lbs./wet^ 



' - • - 
25,620 LBS .(wet). = 3071 gal. . 

8T34lbs7Bal 



SO ^\ V. 

EXPECT TO PUMP APX. 3071 GAL. .SLUDGE (95% WATER) 




V 
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SLIDE 11 
NITROGEN OXIDIZED:' 



1) 'Find NITROGEN in plant influent (say^ 25 mg/l) 

1 MGD= 209 lbs. /DAY ' ' ^ - 

2) . Estimate 99% CONVERSION ' ■ . 

OF 209 lbs . = 207 lbs . Removed 

2 lbs. left. 
OR 

.25. mg/l left 



1 LB. NH3 GIVES L^ OF J^ITRATE (NO3) 




NORMAL VALUES 20-50 mg/l 



\ 
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ERIC 



1 + ..0085'/WVF 



W = BOI^OAD LBS. /day ^, 
. F = Recirculation Factor 

V = VOLUME OF FI.LTER MEdIa' (ACRE FEET) 

. • ' AND ■ 

\ \ .- F. ^ ReCIRCUUT,I0/J FACfPOR 

1 + R 



F = 



(1 +. .01;r)2 

R - RECIRCyLATION RaTIO 



^1 



^1 



SUD^ 12 ■ « , \" 
RECIRCUmiON^RATIO AND PERFORMANCE . ' ( 

NATIONAL RESEARCH COUNCIL FORMUU: ' ' . 



WHERE ^ • • 

E = % REMOVAL BOD5 , ^ ' . * ' ;\ 
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NO SLIDES 13-14. \^ 
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« * 



SLIDE 15 ' ■ 

S * 

HIGHER THE BOD. HIGHER THE RECIRCULATION. 

■' ■ .A : • ■ 

HIGH RITE FILTERS OR SUPER HIGH RATE FILTERS' 
IMPROVE loading ' 

Tmprove efficiency. 

POUNDS 



= 8.34 X MGD X MG/L . 



DAV I , . 

. ■ . • ' -'' 

TqTAL flow = INFLUENT FLOW X (RECIRCULATION RATIO + 1) 

% Removal = in-out ^ 
^ X 100 

IN ^ ^- ■ 



Questions? 



END 



RECIRCULATION 
RATIO 



^LIDE 1:6 
CONCLUSION: 

' REMOVAL 



. MG^^L BOD . 
IN EFFLUENT 



0 

> 

hi 
2:1 



.61 
85 

^ ..91 



68 
26 
16 
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MATERIAI, BALANCE 



SLIDE . 17' 



l : !T^ --£^jj^^^ ^3^^ -— -= „ tank • J 




Total - Nl'trogen 30 mg/1 (NHo) • 
BOD 204 mg/a 
ss 300 Jng/1 
1 mgd— 

PRETRCATED RAW $Evy/%G£ 
FRQM COLLECTION SYSTEM 



SLIDE ^1-7. c ^ 

TYPICAL. TRJGKUi^G FILTER . 
SEWAGE- TREATMENT PLANT 



/ 



35% BOD out 
55% ss out 



PRIMARY 
SfTTLirOQ 
TANK 



Ratio o'f - . 
RECIRULATION 



ION (MlffW rate) 



-* distrwutor 

n' u:u uuu i iliu u u ' u 59 



8AR. GRIT / 

SCREEN CHAMBER 



PRWARY TREATWENT 




■SZ PRIMARY 
- gLUD«E 



UNOgRORAfN 

apx. 300,0 -^al. . sludge 



H^^f^"^ CHLORINATIOf; 

^^^^ ^ Jl ,7^^V 



'.. /SECONDARY^.*' 
Jr' SLUDGE 



-^^^^^:^:^n f ||: t- rrooioESTEH ' . \ • 
}L-!I| ^ |L' 1||Ihumu31or head'of PLAffr) >[>; 




TFiiCKUNe FILTER MUMOS 

apx. 3071gal. sludge 




EFFULE^^T 



BOD 25- 
ss 30- 

s'ecoNOARr^^ 

TflEAT^dENT - 



^ 



SLUDGE 
OiGESTlON 



SLUDGE DRYINa BED OR OTHER DISPOSAL 



1.5; ft. ^/capita served 



-A 



30 mg/l 
5 3 mg/l 
Ni :rates 
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' 'SLIDE 2 
PERSONNEL? . 




V 
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ERIC 



- . V SLIDE' 3^ ' . 
-PERSONNEL OBSERVATION,- ' 

1) .'PERSONAL 'APPEARAtlCE ^' . . 

2) ATTITUDE AND MOTIVATION 

3) TECHNICAL SKILL * 
A) CERTIFIED? - 

"5) WALKING TOUR WITH OPERATOR TALKING 
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SLIDE K 



GROUNDS & MAINIENANCE 
LOOK FOR WHAT? - ' 
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^ • ^ 

' " ■ . ; SLIDE 5 - ■ • 1 ■ , 




- GROUNDS. MAINTENANCE AND RECORDS ' ' ~ 




1) - GROUNDS WELL KEPT? - FLOWERS. GRASS. TREES 




2) MEDIA COWDITION'-^ GREEN OR OTHER 


: 


' ^ - - 3) BUILDINGS PAINTED. WELL-LIT. WELL-MAINTAINED 


_ ^ 


* 

• ■• ■ • ■ ' ■ y 

_ » 

e ^ • - • 




-zz^ - — . ' . • 




* « 

. - V - ■ . . 


# 


i 

. . 1 ' ^ 




r . ■ . f . 


• * * 


... . ^ . ■ 

• . -. ' * - 
•# 
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SLIDE 6 . 

FILTER -OPERATIONS COMMON DEFICIENCIES 

1) MEDIA PROBLEMS - ANAEROBIC/ GREASE. 
BROKEN VENTS. ETC. 

2) LEAKS AROUND SEALS . 

3) " IMPROPER DISTRIBUTION OF SEWAGE. FLOW 
' NOT EVENLY SPLIT. CLOGGED NOZZLES. 

SPLASH plates" INCORRECT.,. 
^) POOR B.O.D. REMOVAL 

POOR NITROGEN (NO^y. PRODUCTION 

^POOR SOLIDS R€M0V4L" 

POOR DVO. LEVEL IN EFFLUENT. WHY? 
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SLIDE 7 



FILTER SEPTIC - POOR.'D.O. 
' CLOlSGED vents: . ; 
TOXIC WASTES 

KILL OF BIOLOGICAL FORMS 



erJc 
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14-0 



. SLIDE 8 « 

POOR SOLIDS REMOVAL 
SEASONAL VARIATION 
UREASE PROBLEMS \ 
POOR SECONDARY SETTLING 



r 
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.. SLIDE 9. . 



POOR NITROGEN OXIDATION 



NH 



■NO2 



LOW aXYGEN SUPPLfED ' 

B.b.D./N/P RATIO OFF , • 

H?trRAULIC LOADING AND/OR ORGANIC 
LOADING INCORRECT 




V 



0. 
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. . ^ SLIDE 10 ■ ' ■ 

POOR Bjp.DrigEMOVAL'' ' ' 
ALL OF THE ABOVE 
^LOW OXYGEN' • 
"itlDUSTRIAL LOADS. 
B.O.P./N/P OFF - . 
- / MEDIA PROBLEMS ' 

« 

DISTRIBUTION PROBLEMS 
, FINAL :B,€-.9.% TO 5-0 MG/L 



4' 
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SLIDE 11 



COMMON PRORI f^^ . • 
PONDING * 
ODORS" '■'>::' 
FILTER FLIES- 
SNAILS . • ■ ' 

• UNEVEN DISTRIBUT{ON 

^ INDUSTf?IALSHOCK( LOADS . 
HEAVY SlOUGHlNfi OF GROWTH < 



ERIC 
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SLIDE 12- . 

PROGESSt CONTROL TESTING " 
B.O.D. DAILY > . .-^ 
SUSPENDED- SOLIDS DAILY 
DISSOLVED OXYGEN DAILY* 
OPTION: C.O.D.- 
NITRATES/NITRITES/NH3 DAILY 
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SLIDE 13 

/OTHER USEFUL TESTS 

• TEMPERATURE 

FLOW ' - 

ODORS ( SULFIDES) 

MEDIA INSPECTION' 

SIJAILS AND OTHER GROWTH' / 
\' ncriAMTr/uvnDAni TP inAnc , ■ ^ 



ORGAjilC/HYDRAOLIC LOADS' 



4 ^"^^ 
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'SLIDE 1^ 



WHAT HAVE* YOU SEEN? 



fCOBLEMS^ 
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